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I, REAL PARTY IN INTEREST 

The real party in interest is the Assignee, AkerBiomarine ASA, Oslo, Norway. 

II, RELATED APPEALS AND INTERFERENCES 

There are no appeals or interferences related to the pending appeal. 

III, STATUS OF CLAIMS 

Claims 1-18 were filed in the original application. The Claims were subject to a 
Restriction Requirement mailed December 8, 2000. Applicants elected the Group 1 claims. 
Claims 1-9, with traverse in a Response dated January 5, 2001. Claims 4, 5, 6, 8 and 10-18 were 
withdrawn in the Office Action mailed February 20, 2001. Claims 4, 5, and 6 were cancelled in 
the Response dated November 8, 2004. 

Claims 1, 2, 3, 7 and 9 are pending and are being appealed. 

Appellants appeal the Final Office Action of January 25, 2008. 

The Claims, as they now stand, are set forth in Section VIII. CLAIMS APPENDIX. 

IV, STATUS OF AMENDMENTS 

All previous amendments have been entered. 

V, SUMMARY OF CLAIMED SUBJECT MATTER 

Independent claim 1 is drawn to a method of treating hypertension in humans 
comprising: a) providing a hypertensive human patient in need of hypertension treatment and a 
composition comprising a safe and effective amount conjugated linoleic acid for treating 
hypertension; and b) administering said conjugated linoleic acid composition to said human 
patient so that blood pressure of said human patient is reduced. 

This method is described in the specification on page 3, lines 23-27, which provides that 
that in some embodiments of the invention, a conjugated linoleic acid composition is given to a 
subject under conditions such that the blood pressure of the subject is reduced. The method is 
further described in the specification at page 10, lines 5-7, which provides that "the data 
described below in Example 1 indicates that dietary supplementation with CLA results in a 
decrease in both systolic and diastolic blood pressure in humans with borderline mild 
hypertension." Page 11, lines 8-15, further provides that: 

In a typical regimen, an individual will begin the hypertension treatment program or 
serum lipase activity reduction program by ingesting up to several grams (e.g., 0.1 to 5 
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grams) of CLA with each meal, and monitoring blood pressure over a period of several 
months. This CLA may be provided in the form of a pill or as a component of a prepared 
food product. Once the desired blood pressure or serum lipase activity has been attained, 
a proper maintenance level can be found by gradually reducing the dose and continuing 
to monitor blood pressure to assure there is no increase. 

Dependent Claim 2 specifies the method of Claim 1 wherein the conjugated linoleic acid 
composition is a mixture of octadecadienoic acid isomers selected from the group of cis-9, trans- 
11; cis-9, cis-11; trans-9, cis-11; trans-9, trans-11; cis-10, cis-12; cis-10, trans-12; trans-10, cis- 
12; trans-10, trans-12 octadecadienoic acid. Octodecadienoic acid is another name for 
conjugated linoleic acid or CLA. The isomers of conjugated linoleic acid are discussed in detail 
in the specification at page 8, line 25, to page 9, line 28. 

Dependent Claim 3 specifies the method of Claim 1 wherein the conjugated linoleic acid 
composition consists essentially of octadecadienoic acid isomers selected from 9,1 1 
octadecadienoic acid, 10,12 octadecadienoic acid, and mixtures thereof These preferred isomers 
of CLA are discussed in detail in the specification at page 9, lines 13-28. 

Dependent Claim 7 specifies the method of Claim 1 wherein the conjugated linoleic acid 
is administered orally. Administration of CLA is discussed in detail in the specification at page 
10, line 28 to page 11, line 15 of the specification. 

Dependent Claim 9 of the specification specifies the method of Claim 1 wherein said safe 
and effective amount of conjugated linoleic acid is about 0.1 grams to 20 grams. Dosages of 
CLA are discussed in detail in the specification at page 11, lines 8-21. 
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VI. GROUNDS OF REJECTION TO BE REVIEWED ON APPEAL 

There is one grounds of rejection to be reviewed on appeal: 

Whether Claims 1-3, 7 and 9 are obvious over Cook et al. (U.S. Pat. No. 5,554,646) in 
view of Kawamura et al. (Hypertension 1996, 27, 408-413) and Shinitzky (U.S. Pat. No. 
4,474,773). 
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VII. ARGUMENT 

A, The Claims are Not Obvious 

Claims 1-3, 7 and 9 stand rejected as obvious over Cook et al. (U.S. Pat. No. 5,554,646) 
in view of Kawamura et al. (Hypertension 1996, 27, 408-413) and Shinitzky (U.S. Pat. No. 
4,474,773). The Office has found that: 

• Cook et al. disclose a method of reducing body fat comprising the administration 
of a safe and effective amount of conjugated linoleic acid (Final Office Action 
mailed Jan. 25, 2008 at 3); 

• Kawamura et al. provide a nexus teaching between hypertension, weight loss and 
decreases in blood pressure and that changes in body weight exhibited significant 
correlations with blood pressure in hypertensive overweight human patients (Id. at 

3); 

• Shinitzky et al. teach treating hypertension by administering a composition 
comprising 5-10% linoleic acid (Id. at 3). 

The Office admits that the primary reference. Cook et al., does not teach a method of 
administering CLA to treat hypertension in humans. Id. at 4. The Office goes on to argue, 
however, that one of ordinary skill would have been motivated to combine the references to 
arrive at the claimed invention because: 

• Cook et al. teaches a method of reducing body fat; 

• Kawamura et al. teach that reduction of weight of hypertensive patients results in 
a lowering of blood pressure; 

• Shinitzky et al. teach that linoleic acid (CI 8:2, cis-9, cis-12) can be used to treat 
hypertension; and 

• Since conjugated linoleic acid is a mixture of positional and geometric isomers of 
linoleic acid, then one of skill in the art would immediately envision conjugated 
linoleic acid in the treatment of hypertension. 

In rejecting claims under 35 U.S. C. § 103, the Examiner bears the initial burden of 
presenting a prima facie case of obviousness. A prima facie case of obviousness requires the 
Examiner to cite a combination of references which (a) disclose the elements of the claimed 
invention, (b) suggests or motivates one of skill in the art to combine those elements to yield the 
claimed combination, and (c) provides a reasonable expectation of success should the claimed 
combination be carried out. Failure to establish any one of the these three requirements 
precludes a finding of a prima facie case of obviousness, and, without more, entitles Applicant to 
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allowance of the claims at issue. See, e.g.. Northern Telecom Inc. v. Datapoint Corp., 15 
USPQ2d 1321, 1323 (Fed. Cir. 1990). 

When a prima facie case is made (for the record, Applicants do not believe a prima facie 
case has been made here), the burden shifts to the applicant to come forward with evidence 
and/or argument supporting patentability. In re Sullivan, 498 F. 3d 1345, 1351, 81 USPQ2d 
1034 (Fed. Cir. 2007) (citing In re Glaug, 283 F.3d 1335, 1338 (Fed.Cir.2002)). As held in 
Sullivan: 

Rebuttal evidence is "merely a showing of facts supporting the opposite conclusion." In 
re Piasecki, 745 F.2d 1468, 1472 (Fed.Cir.1984). Evidence rebutting a prima face case 
of obviousness can include: "evidence of unexpected results," Pfizer, Inc. v. Apotex, Inc., 
480 F.3d 1348, 1369 (Fed.Cir.2007), evidence "that the prior art teaches away from the 
claimed invention in any material respect," In re Peterson, 315 F.3d 1325, 1331 
(Fed.Cir.2003), and evidence of secondary considerations, such as commercial success 
and long-felt but unresolved needs, WMS Gaming, Inc. v. Int'l Game Tech., 184 F.3d 
1339, 1359 (Fed.Cir. 1999). 

Id. Importantly, when a patent applicant puts forth rebuttal evidence, the Office must consider 
that evidence. Id., see also In re Soni, 54 F.3d 746, 750 (Fed.Cir. 1995) (stating that "all 
evidence of nonobviousness must be considered when assessing patentability"); In re Sernaker, 
702 F.2d 989, 996 (Fed.Cir. 1983) ("If, however, a patent applicant presents evidence relating to 
these secondary considerations, the board must always consider such evidence in connection 
with the determination of obviousness."). 

The determination whether an invention would have been obvious under 35 U.S. C. § 103 
is a legal conclusion based on underlying findings of fact. Id. at 1350 (citing In re Kotzab, 111 
F.3d 1365, 1369 (Fed.Cir.2000)). With respect to the instant invention, the Office has failed to 
establish a prima facie case evidence because the facts the Office has relied on are scientifically 
incorrect or inaccurate and, in any event, has failed to considered properly established facts 
submitted in rebuttal. In particular, the Office has made scientifically incorrect and 
unsupportable assumptions about the teachings of Cook and Shinitzky and has failed to consider 
pertinent rebuttal evidence established in the Declarations of Mr. Asgeir Saebo and Dr. Inge 
Bruheim. Applicants detail these errors below and request that the obviousness rejection be 
withdrawn because of these errors. 

1, Shinitzky does not teach that linoleic acid can be used to treat hypertension 
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The Office alleges that Shinitzky et al. teaches that linoleic acid (CI 8:2, cis-9, cis-12) can 
be used to treat hypertension. This greatly overstates the teachings of Shinitzky et al. to one of 
skill in the art. In making this finding, the Examiner relies on the claims of Shinitzky et al. 
Examination of the claims reveals, however, that Shinitzky et al. utilizes a complex lipid mixture 
that contains linoleic acid and provides no indication that linoleic acid is the active ingredient. 
This issue is specifically addressed in the Bruheim Declaration, provided in Section IX below at 
p. 20-76. 

The Office specifically refers to Claims 1, 4, and 24 of Shinitzky as providing the 
teaching that linoleic acid can be used to treat hypertension. Office Action mailed June 26, 2007 
at 3; Office Action mailed Jan. 25, 2008 at 6. What those claims teach is that hypertension can be 
treated by administering a complex mixture comprising "a lipid fraction derived from natural 
sources (AL), said lipid fraction containing 40-80 weight percent glycerides, 3-5 weight percent 
cholesterol, 10-30 weight percent lecithin (phosphatidyl choline), 5-15 weight percent 
phosphatidyl ethanolamine and 2-5 weight percent negatively charged phospholipids, wherein 
the ratio of unsaturated to saturated fatty acids is at least 1:1" (Claim 1) and that the fatty acid 
component of this complex mixture comprises "Palmitic acid 35-45%, oleic acid 35-45%, 
linoleic acid 5-10%), stearic acid 5-7%), palmitoleic acid 2-3%), arachidonic acid 0.2-1%)" (Claim 
4). See Shinitzky et al.. Claims 1 and 4 and Bruheim Deck at T|2. As can be plainly seen, the 
invention claimed in claims 1, 4, and 24 utilizes a complex lipid mixture, of which linoleic acid 
is only a small part. Thus, it is scientifically incorrect and inaccurate to state that Shinitzky et al. 
teaches that linoleic acid can be used to treat hypertension. This statement by the Office is not 
factually supported. 

The Bruheim Declaration directly addresses this issue. As established by Dr. Bruheim: 

• Shinitzky et al. does not teach that linoleic acid can be used to treat hypertension 
or that among all of the components of the complex mixture, linoleic acid is 
sufficient to treat hypertension. 

• Shinitzky et al. teaches that a complex lipid fraction can be used to treat 
hypertension. 

• This is not the same as teaching that linoleic acid can be used to treat 
hypertension. 

• One of skill in the art would recognize that any of the other components could be 
responsible for the hypertensive effect or that a combination of the components is 
necessary. 
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Bruheim Decl. T|2 (p. 20 in Section IX below). The Office provides no factual or scientifically 
based rebuttal of these facts in the Office Action mailed January 25, 2008. The Office argues 
that "it is the Examiner's position that each component is treating hypertension because that is 
what the claim language clearly states. There can be no other interpretation of the claim." Id. at 
6. This is simply incorrect. Neither the claims nor the specification of Shinitzky teach that each 
component of the complex lipid mixture treats hypertension. 

The Office goes on to argue that "Shinitzky et al. do not have to recite a method that 
utilizes solely linoleic acid. The Examiner also notes for the record the open claim language of 
the instant application." Id. at 7. Apparently, the Office is trying to make an argument based on 
claim interpretation. Appellants note however, the current claims are limited to the use of 
conjugated linoleic acid, which is a mixture of octadecadienoic acid isomers such as cis-9, trans- 
11; cis-9, cis-11; trans-9, cis-11; trans-9, trans-11; cis-10, cis-12; cis-10, trans-12; trans-10, cis- 
12; trans-10, trans-12 octadecadienoic acid. The claims do not encompass linoleic acid, which, 
as noted by the Examiner, is c9, cl2 octadecadienoic acid. Linoleic acid does not have a 
conjugated double bond. Since the use of a different chemical entity is being claimed, i.e., the 
use of conjugated linoleic acid as opposed to non-conjugated linoleic acid, then the scientific 
issue of whether Shinitzky teaches that each component of the complex lipid preparation can be 
used to treat hypertension is relevant and is not addressed by interpreting the claims broadly. If a 
person of skill in the art set out to make a composition to treat hypertension based the 
information in the Shinitzky claims, that person would have no guidance to use linoleic acid, 
much less conjugated linoleic acid. This is confirmed by the Bruheim Declaration. 

Furthermore, Appellants note another key flaw in the Office's analysis. Cook et al. 
teaches that administration of conjugated linoleic acid, and not linoleic acid, reduces body fat. 
Cook et al., column 2, lines 48-67. The Office's reasoning is that one would be motivated to use 
CLA to treat hypertension because reductions in body weight cause hypertension to be reduced. 
If, as taught by Cook et al., linoleic acid does not reduce body weight, then why would a person 
of skill in the art, having knowledge of Cook, think that the linoleic acid in the complex 
Shinitzky lipid preparation, could be used to treat hypertension? Thus, Cook et al. teaches away 
from combination with Shinitzky et al. Accordingly, it is improper to combine Cook et al. with 
Shinitzky in the first place. 

2, The Office has not rebutted the fact established by Appellants that linoleic 
acid and conjugated linoleic acid have different properties 



PATENT 

Attorney Docket No. NATNUT-03972 



The Office's second error is its failure to consider the evidence presented in the Bruheim 
Declaration that establishes that the different isomers of linoleic acid have different properties. 
In the Office Action mailed June 26, 2007 at page 5, the Office argues that "it remains obvious to 
one of ordinary skill in the art that the method of Cook et al. can lower blood pressure via 
administration of conjugated linoleic acid because the positional and geometric isomers of 
linoleic acid would be expected to have similar properties to linoleic acid in the absence of 
evidence to the contrary." This argument is related to the Office's In re Dillon argument on 
pages 3 and 4 of the Office Action that chemical compounds with similar structures would be 
expected by those of skill in the art to similar utilities. 

However, the Bruheim Declaration directly rebuts the assumption that linoleic acid and 
conjugated linoleic acid have similar properties. In particular. Dr. Bruheim establishes that: 

• Conjugated isomers of conjugated linoleic acid have different biological properties than 
linoleic acid. 

• This was known in the art prior to the filing date of this application and has been 
substantiated in many publications after the filing date of this application. 

• The references attached to the Bruheim Declaration establish that the conjugated isomers 
of linoleic acid have distinct biological properties as compared to standard linoleic c9,cl2 
linoleic acid. 

• Many of these references utilize com oil, which comprises c9,cl2 linoleic acid, as a 
control. 

• All of the references show that the conjugated linoleic acid isomers have distinct 
biological properties. 

• Dr. Mark Cook, the inventor of the cited 5,554,646 patent, is an author on most of these 
publications. 

Bruheim Declaration T|3 (p. 21 in Section IX below). Thus, Appellants provided evidence that 
estabhshes that conjugated linoleic acid and linoleic acid have different properties. 

In the Office Action mailed January 25, 2008 at page 7, the Office argued that these facts 
are not persuasive because Cook et al. teach that free linoleic acid is converted to conjugated 
linoleic acid in the animal. (Citing Column 3, lines 52-56 of Cook et al.). That portion of Cook 
et al. provides that "The linoleic acid is converted to CLA in the animal, probably by 
microorganisms in the animal's gastrointestinal system (S.F. Chin, J. M. Storkson, W. Liu, K. 
Albright, and M. W. Pariza, 1994, J. Nutr. 124:694-701). This assertion by the Office is 
irrelevant and scientifically incorrect as applied to humans. The Chin et al. reference is attached 
to the Bruheim Declaration. Chin et al. plainly teaches that linoleic acid is converted to 
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conjugated linoleic acid by rumen microorganisms at p. 2344 Column 2 (p. 65 in Section IX 
below), which provides that: 

Kepler et al. [1966] identified the cis-9, trans- 1 1 CLA isomer as an intermediate in the 
biohydrogenation of linoleic acid by the rumen bacterium Butyrivibrio fibrisolvens. 
Seemingly, some of the CLA produced in this way escapes conversion to stearic acid, is 
absorbed from the digestive system, and is subsequently incorporated into tissue lipid 
(including milk phospholipid). 
There is no teaching in Cook et al. or Chin et al. that humans can convert linoleic acid into 
conjugated linoleic acid which is what the Office is attempting to establish. The conversion 
occurs in rumen microorganisms which are not present in the human gut. Accordingly, the 
Office has failed to rebut the evidence of the Appellants that establishes that conjugated linoleic 
acid has different effects than linoleic acid. The Office argues that "any linoleic acid 
administered to an animal would be expected to be converted into conjugated linoleic acid and 
have all of the benefits of action of conjugated linoleic acid as per the teachings of Cook et al." 
Office Action mailed January 25, 2008 at 7. This argument is clearly incorrect with respect to 
humans, which the claims are limited to. Of course, this very point is also established by Cook 
et al. which teaches that conjugated linoleic acid causes a reduction in body fat while linoleic 
acid does not. If humans were able to convert linoleic acid into conjugated linoleic acid there 
would be no need for the claimed invention of Cook which is administration of conjugated 
linoleic acid to a human for the purpose of reducing body fat. 

This scientifically irrelevant argument is the only evidence offered by the Office to rebut 
3 of the Bruheim Declaration and the facts contained therein, which are summarized above. 
Thus, the fact that a person of ordinary skill in the art would recognize that linoleic acid and 
conjugated linoleic acid have different properties as demonstrated by multiple scientific papers is 
unrebutted. As a result, the Office's In re Dillon argument is inapplicable and properly rebutted. 

3, The Office failed to rebut the facts established in the Saebo Declaration that 
agents that cause weight loss can cause hypertension and that CLA could be 
expected to cause hypertension 

The third error made by the Office is the failure to consider the rebuttal evidence in the 
Saebo Declaration, provided in full in Section IX below (p. 77-105), that estabhshes that 1) it is 
incorrect to make an assumption that a compound that reduces weight will also cause a reduction 
in hypertension and 2) the art indicates that CLA would be expected to have a hypertensive 
effect. 
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The Saebo Declaration establishes that: 

• When a biologically active agent, such as CLA, is administered to a subject there can be a 
variety of effects. 

• Just because CLA causes weight loss does not also mean that it would reduce 
hypertension. 

• A person of skill in the art would not reasonable expect CLA to reduce hypertension for 
two reasons. 

• CLA has been shown to elevate the level of F2-isoprostane. Taylor et al., Conjugated 
Linoleic Acid Impairs Endothelial Function, Arteriosclerosis, Thrombosis, and Vascular 
Biology 26(2), 307-312 (2006)(attached to Declaration). 

• F2-isoprostanes have a vasoconstrictive effect. Cracowski et al. Cardiovascular 
pharmacology and physiology of the isoprostanes. Fundamental & Clinical 
Pharmacology 20(5): 417-427 (2006)(attached to Declaration). 

• Taken together, it should be expected that administration of CLA would result in an 
increase in blood pressure. 

• Second, administration of other agents known to be effective for weight loss can result in 
increased hypertension. 

• Ephedrine, a commonly used, biologically active weight loss supplement is one such 
example. 

• As established in Haller and Benowitz, Adverse Cardiovascular and Central Nervous 
System Events Associated with Dietary Supplements Containing Ephedra Alkaloids, 
New England J. Med. 343(25):1833-1838 (2000)(attached to Declaration), ephedrine can 
cause an increase in hypertension. 

• The Examiner's argument that it would be obvious to use CLA to decrease hypertension 
because CLA administration also causes weight loss lacks scientific merit. 

• How an agent such as CLA acts in the body is complex. 

• Whether CLA causes an increase or decrease in hypertension, or has no effect at all, is 
determined by a variety of factors that have no relation to weight loss. 

• It is not scientifically valid to draw a conclusion that because an agent causes weight loss, 
it can also be expected to decrease hypertension. 

• The references cited by the Examiner contain no data that can be interpreted in this 
manner. 

Saebo Declaration T|3-6 (p. 78 in Section IX below). The Examiner addressed the Saebo 
Declaration in the Office Action dated June 26, 2007, at page 5. First, the Office completely 
failed to rebut T|4 of the Saebo Declaration which establishes that CLA would be expected to 
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increase, not decrease hypertension because of its effect of elevating levels F2-isoprostane. 
Second, even though the Office recognized other parts of the Saebo Declaration, the Office's 
arguments are not relevant and do nothing to rebut the facts established in the Saebo Declaration. 
In attempting to rebut the Saebo Declaration, the Office argues that: 

First, Kawamura et al. provide a nexus teaching between weight loss in hypertensive 
patients and lowering of blood pressure. Cook et al. provide a method of reducing body 
fat, which is weight loss. Shinitzky et al. teach linoleic acid in the treatment of 
hypertension. The art recognizes linoleic acid in a method of treating hypertension. (See 
also pertinent art below.) Therefore, it remains obvious to one of ordinary skill in the art 
that the method of Cook et al. can lower blood pressure via administration of conjugated 
linoleic acid because the positional and geometric isomers of linoleic acid would be 
expected to have similar properties to linoleic acid in the absence of evidence to the 
contrary. 

Office Action dated June 26, 2007, at page 5 (emphasis by the Office). This "rebuttal" merely 
restates the arguments already made by the Office in attempting to establish a prima facie case of 
obviousness. There is no rebuttal of the actual facts in the Saebo Declaration. For example, 
there is no rebuttal of the fact that biologically active agents that cause weight loss can also cause 
hypertension. This is an important point. When a biologically active agent is used to induce 
weight loss, the agent can have other effects unrelated to the weight loss. There is a difference 
between weight loss caused by a biologically active agent and weight loss due to dietary changes 
or exercise. Likewise, there is no rebuttal of the fact that CLA has been shown to elevate F2- 
isoprostane which can cause hypertension. Applicants further note that, as discussed above, the 
Bruheim Declaration established that linoleic acid and conjugated linoleic acid cannot be 
expected to have similar properties as alleged by the Office. 

The Office's primary reasoning supporting its alleged prima facie case of obviousness is 
that Kawamura et al. provides a nexus teaching between hypertension, weight loss and decreases 
in blood pressure. Office Action mailed Jan. 25, 2008 at 3. Thus, accordingly to the Office's 
reasoning, any agent that reduces body weight would also decrease hypertension. The Saebo 
Declaration directly rebuts the Office's incorrect reasoning. 

4, Taken together, these facts rebut any prima facie case of obviousness 

established by the Office 

As demonstrated above, to the extent that any prima facie case of obviousness was 
established by the Office, it was rebutted by the factual evidence presented during prosecution. 
The Office's alleged prima facie of obviousness is based on the assertions that: 
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• Cook et al. teaches a method of reducing body fat; 

• Kawamura et al. teach that reduction of weight of hypertensive patients resuhs in 
a lowering of blood pressure; 

• Shinitzky et al. teach that linoleic acid (CI 8:2, cis-9, cis-12) can be used to treat 
hypertension; and 

• Since conjugated linoleic acid is a mixture of positional and geometric isomers of 
linoleic acid, then one of skill in the art would immediately envision conjugated 
linoleic acid in the treatment of hypertension. 

First, Applicants have demonstrated above that this is not a proper prima facie of 
obviousness, because Cook et al. actually teaches away from combination with Shinitzky 
because Cook et al. teaches that CLA is effective to reduce body fat, not linoleic acid. Thus, a 
person of skill in the art would not believe that the linoleic acid in Shinitzky' s complex lipid 
mixture was effective for reducing body fat or, as argued by the Office, hypertension. Moreover, 
the facts established by Appellants demonstrate that a person of skill in the art would have 
expected CLA to have a hypertensive effect, not the effect of reducing hypertension. These facts 
strongly support the non-obviousness of the invention as claimed under the Graham factors. 

Second, to the extent that a prima facie case of obviousness was presented by the Office, 
Appellants have presented factual evidence that rebuts the Office's arguments in the form of the 
Saebo and Bruheim Declarations. Many of the facts in these Declarations were not even 
addressed by the Office and the Office's arguments regarding the remaining facts are 
scientifically incorrect and insufficient to rebut the facts contained in the Declarations. 

Taken together, these Declarations establish the following: 

• Shinitzky et al. does not teach that linoleic acid can be used to treat hypertension 
or that among all of the components of the complex mixture, linoleic acid is 
sufficient to treat hypertension. Bruheim Declaration T| 2 (p. 20 in Section IX 
below). 

• Shinitzky et al. teaches that a complex lipid fraction can be used to treat 
hypertension. Id. 

• This is not the same as teaching that linoleic acid can be used to treat 
hypertension. Id. 

• One of skill in the art would recognize that any of the other components could be 
responsible for the hypertensive effect or that a combination of the components is 
necessary. Id. 
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Conjugated isomers of conjugated linoleic acid have different biological 
properties than linoleic acid. Bruheim Declaration T| 3 (p. 21 in Section IX 
below). 

This was known in the art prior to the filing date of this application and has been 
substantiated in many publications after the filing date of this application. Id. 
The references attached to the Bruheim Declaration establish that the conjugated 
isomers of linoleic acid have distinct biological properties as compared to 
standard linoleic c9,cl2 linoleic acid. Id. 

Many of these references utilize com oil, which comprises c9,cl2 linoleic acid, as 
a control. Id. 

All of the references show that the conjugated linoleic acid isomers have distinct 
biological properties. Id. 

Dr. Mark Cook, the inventor of the cited 5,554,646 patent, is an author on most of 
these publications. Id. 

When a biologically active agent, such as CLA, is administered to a subject there 
can be a variety of effects. Saebo Declaration T| 3 (p. 78 in Section IX below). 
Just because CLA causes weight loss does not also mean that it would reduce 
hypertension. Id. 

A person of skill in the art would not reasonable expect CLA to reduce 
hypertension for two reasons. Id. 

CLA has been shown to elevate the level of F2-isoprostane. Taylor et al.. 
Conjugated Linoleic Acid Impairs Endothelial Function, Arteriosclerosis, 
Thrombosis, and Vascular Biology 26(2), 307-312 (2006). Saebo Declaration T| 
4 (p. 78 in Section IX below), see p. 94-99 of Evidence Appendix for Taylor et al. 
F2-isoprostanes have a vasoconstrictive effect. Cracowski et al. Cardiovascular 
pharmacology and physiology of the isoprostanes. Fundamental & Clinical 
Pharmacology 20(5): 417-427 (2006). Id, seep. 81-91 of Evidence Appendix 
for Cracowski et al. 

Taken together, it should be expected that administration of CLA would result in 
an increase in blood pressure. Saebo Declaration T| 4 (p. 78 in Section IX below). 
Second, administration of other agents known to be effective for weight loss can 
result in increased hypertension. Saebo Declaration ^ 5 (p. 78 in Section IX 
below). 

Ephedrine, a commonly used, biologically active weight loss supplement is one 
such example. Id. 
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• As established in Haller and Benowitz, Adverse Cardiovascular and Central 
Nervous System Events Associated with Dietary Supplements Containing 
Ephedra Alkaloids, New England J. Med. 343(25): 1833-1 838 (2000), ephedrine 
can cause an increase in hypertension. Id., see p. 100-105 of Evidence Appendix 
for Haller and Benowitz. 

• The Examiner's argument that it would be obvious to use CLA to decrease 
hypertension because CLA administration also causes weight loss lacks scientific 
merit. Saebo Declaration T| 5. 

• How an agent such as CLA acts in the body is complex. Id. 

• Whether CLA causes an increase or decrease in hypertension, or has no effect at 
all, is determined by a variety of factors that have no relation to weight loss. Id. 

• It is not scientifically valid to draw a conclusion that because an agent causes 
weight loss, it can also be expected to decrease hypertension. Id. 

• The references cited by the Examiner contain no data that can be interpreted in 
this manner. Id. 

These facts are essentially unrebutted by the Office and rebut any prima facie case of 
obviousness established by the Office. Moreover, Appellants have established that there is no 
teaching in Cook et al. or Chin et al. that humans can convert linoleic acid into conjugated 
linoleic acid which is what the Office is attempting to establish which is one of the key rebuttal 
arguments made by the Office. The conversion occurs in rumen microorganisms which are not 
present in the human gut. The claimed invention is non-obvious and the rejection should be 
withdrawn. 
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1 . (Previously presented) A method of treating hypertension in humans comprising: 

a) providing a hypertensive human patient in need of hypertension treatment and a 
composition comprising a safe and effective amount conjugated linoleic acid for treating 
hypertension; and 

b) administering said conjugated linoleic acid composition to said human patient so 
that blood pressure of said human patient is reduced. 

2. (Previously presented) The method of Claim 1 wherein the conjugated linoleic 
acid composition is a mixture of octadecadienoic acid isomers selected from the group of cis-9, 
trans-11; cis-9, cis-11; trans-9, cis-11; trans-9, trans-11; cis-10, cis-12; cis-10, trans-12; trans-10, 
cis-12; trans-10, trans-12 octadecadienoic acid. 

3. (Previously presented) The method of Claim 1 wherein the conjugated linoleic 
acid composition consists essentially of octadecadienoic acid isomers selected from 9,1 1 
octadecadienoic acid, 10,12 octadecadienoic acid, and mixtures thereof 

4-6. Cancelled. 

7. (Previously presented) The method of Claim 1 wherein the conjugated linoleic 
acid is administered orally. 

8. (withdrawn) The method of Claim 1, wherein the conjugated linoleic acid is 
provided in a prepared food product. 

9. (Previously presented) The method of Claim 1 wherein said safe and effective 
amount of conjugated linoleic acid is about 0.1 grams to 20 grams. 

10. (Withdrawn) A method of reducing serum lipase activity in humans comprising 

a) providing a subject and a composition comprising a safe and effective amount 
conjugated linoleic acid; and 

b) administering said conjugated linoleic acid composition to said subject under 
conditions such that serum lipase activity of said subjects is reduced. 
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1 1 . (Withdrawn) The method of Claim 10 wherein the conjugated linoleic acid 
composition is a mixture of octadecadienoic acid isomers selected from the group of cis-9, trans- 
11; cis-9, cis-11; trans-9, cis-11; trans-9, trans-11; cis-10, cis-12; cis-10, trans-12; trans-10, cis- 
12; trans-10, trans-12 octadecadienoic acid. 

12. (Withdrawn) The method of Claim 10 wherein the conjugated linoleic acid 
composition consists essentially of octadecadienoic acid isomers selected from 9,1 1 
octadecadienoic acid, 10,12 octadecadienoic acid, and mixtures thereof 

13. (Withdrawn) The method of Claim 10 wherein said conjugated linoleic acid 
composition comprises esters of conjugated linoleic acid. 

14. (Withdrawn) The method of Claim 13 wherein said esters are selected from 
methyl esters and ethyl esters. 

15. (Withdrawn) The method of Claim 10 wherein said conjugated linoleic acid 
composition comprises triglycerides including at least one conjugated linoleic acid at the SN-1, 
SN-2, or SN-3 position of said triglycerides. 

16. (Withdrawn) The method of Claim 10 wherein the conjugated linoleic acid is 
administered orally. 

17. (Withdrawn) The method of Claim 10 wherein the conjugated linoleic acid is 
provided in a prepared food product. 

18. (Withdrawn) The method of Claim 10 wherein said safe and effective amount of 
conjugated linoleic acid is about 0.1 to 20 grams. 
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IX, EVIDENCE APPENDIX 

This evidence appendix contains the Declarations of Dr. Inge Bruheim and Mr. Asgeir 
Saebo. The Bruheim Declaration was entered by the Examiner in the Office Action mailed 
January 25, 2008. The Saebo Declaration was entered by the Examiner in the Office Action 
mailed September 26, 2007. 
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Washington, D.C, 20231 



j. Dr. Jage Bruheitn, state as follows: 



1 , My present position is Seniof Research Sclent i.st, Akcv Biomarine AS, tht- i-'urreiit owner 
of the instant patent applicatfori. I have a Vhl). in Chemisuy from the IJniveryiiy of Oslo 
(Norway) and n5ore tl'ian 4 yas-va tsf indnsiiy experience iii eiiemicai researeli. 

2. The F.xatniner states on page 3 of t!ie ()ffice Aetiori that Shinilzky et ai. teaches ttiat 
luH>le.ic aeid {C 18:2, cis-9,cis~l 2} can be u.sed to treai hypertension. One of skiij in the art would 
not interpret Shinlt/,ky a.s providing tliiii ieachhig. Ti^e Examiner specifically rctlrs to Cjaims K 
4, and 24 of Sijinitzky as providing the leaching that iiTioieic acid can be u,sed to treai 
hYpertcn.sion. What tho.se claims {cac!\ is that hypertension can be treated by adnfinistering a 
complex tniMure comprising "a lipid fraction derived from nauiral soutves (..AL), Siiid lipid 
traction eontainini; 40-80 \veigiit percent glycerides, 3-5 weight percent cholesterol. tO-30 weight 
percent iecitbin (pho.spitaiidyl choline), 5-1 .5 weight ptjtveni phosphatidy! ethanolamine and 2-5 
weight percent negatively charged phospholipid,'?, ^^hefdrt the ratio of nnsaiurated to saturated 
iatty actd.s is at least S : fClaini 1) and that the fatty acid componeni of this contple.K mixture 
comprises "Palmitie acid 35-45%, oleic acid 35-45%, linolelc ac^d 5-UBv., stearic acid 5-7%. 
pahtfttoleic acid 2-3%, arachidonie acid 0,2-1%" fCiaim 4). Shinitzky et al. does not teach that 
linoieic acid can be used to treat hypeitet^sion or that among ail of the cotnponerits of tlie 
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comp!(;x irJ.xti.;re, ilnoieic acid is ^ufficietn to irent bypcricnsion, Shitiitzkv ef al teaches that 
cotnp!<;c lipid fraction can be useci io Jreat. hypertension. This is not the snnte as reaching that 
linoieic acid can be used Jo treat hypcrtc'nsion, Indeed, one oi\skti! in the <m would recognize 
that any ot'tiio other conjponcfjts couki responsible for the hypertensive effect or that a 
combination of the compoaetns is necessan,'. 



3. The Exainhier flirther ^tat«^ the po^-itiofial and geometric iscsmcrs of iinolcic aei J vsould 
b<:. <-\pet'ted to have simihtr properties to iinoieic acid in the absence of evidence U> the contrary. 
Isomers of coiijiigaied linoleic acid have diQeren; biologicai properlies thaii litiolcic acid, i'his 
was ivnown in the an prior to the lliing date of this appitcation and has been substantiated in 
tnany publications after the fding date of this appHeatton. 1 have incliKkd several refefcnces, 
which are atu^ched, that esiai^iish that the conjugated isotners of linoleic acid have distinct 
biological properties as compared to slttndard litwJeic c9,ei2 linoleic acid. Many oftliese 
references titilize corn oil, whicJi comprises c9,cl2 linoleic acid, as a control. All of the 
references shovv' that the conjugated iinolcic acid isomers have distinct biological properties, 
Fuaherniore, Dr. Mark Cook, t.he iiU'etnor of tlie cited ,ii,5;4,646 patent, is an atithor on most of 
these publications. 



Yang M, Cook ME. Dietary conjngated linoleic acid decreased cachexia, niacropixtge tumor 
necrosis factor-alplia production, and nxxlitlcs splenocyie cjtokines production, 
\ix\} Biol Med (May\^ood), 2003 Jan;228t i 1 -8. 

Li G, Dong B, Buiz OB. Park Y, Parj^a MW, Co<>k M!:-, Nf--kappaB independeni inhibition of 
iipopoiysaccharide-iiiduced cycloo,xygenase by a conjugated linoleic acid cogtiate, cofijiigaled 
nonadccadienoic acid. Biochini Biophys Acta, 2006 Sep;) 76l(9):969-72, 

Park '^'^ Storksoji Liu W, Albright KJ, Cook ME, Pariza MW. 

Structure-activity relationship of conjugated iinolcic acid and it.s cognates m inhibiting hepttrin- 
reieasabie lipoprotein lipase and glycerol reiea.se front fully difterentiated '^LVLl adipocytes, 
J NtJtr Biochem.. 2004 Sep; 1 5(9 !:?6 1-8. 

Park Y, Srorksoii .TM, Ntamlii JM, Cook MB. Sih C.T, Pari/a MW. Inhibition of hepatic siearoyl- 
Co,A. deiiatttrase activity by trans- 10, cis-12 conjugated linoleic acid and its derivatives. 
Biochim Biophys Acta. 2(H.)0 Jul iy;)486{2-3);285-«2. 



Park \\ Albright KJ, Liu W, St<.irkson .IM Cook ME, Pariza .MW. Effect of conjugated iirioieic 
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ac'ki on body cornposidon in niice. Lipids. 1997 .4ug;32{8):853-8. 

Chin Sf-\ Storkson .iNl Aibright KJ. Cook .VIE, Pariza M\V. Comugated iinoieic acid is a growth 
facttir fisr rats as stiovvn by enhanced weight gam arul iitipn-ived iced efficioncv. J Niitr. ]99A 
De:c;:j24(.!2):2344-9. 

MiJIor CC\ Pitrk Y, Pariza MW, Cook .Mb. deeding cojijugated iinoieic acid tn animitSs parlialiy 
overcomes cataiioiic responses due to endotoxiti inicdiun.Biochcm Biopin-'s Res Contnnun, \994 
Feb ! 5; 198{?): 1107-12. 

4, 5 funber deciar<^ tbiU f.i5i statement made herein otmy own >;nowiedge are irtie and thai ali 
suitetiietits f.Kide on ini>innatioti ond beSiefare believed to be true; and further liiai iliese 
siaicitK'ins vvere made v, ith die knowi^dge that wiilfui ft-ise sfarernerits atui ifte like so made are 
pimishjible by or imprt-sormient, or both, imdcx sectioii HHij of titie IS of the IJiiiied States 
Code, and Ihnl such willful iaise statetnetv.s tnay jeopardize the vaiidity o.( the appiiealion or any 
paicni mum thereon, 

^ . V ^' - - 

Dr. T:nge Bruheini 

Date, ^ ' - ' ^ 
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FEEDING CONJOGATSO LIKOLEIC ACID TO ANIMALS PARTIALLY 
OVEHCOHfiS CA^t-ASOLIC RESPONSES DUB TO ENDOTOXIN INJECTION 

C.C. Miller, y. ParK\ M.W, pariza*, and M- B, Cook* 

Poultry Science Dept., ''Food 'Research Institute, 
U.W. Madison, Maaison, Wl 53706 

Received Dficcmber 25, !9W 



.SUSBacyx The ability of conjugated linoleic acid to prevent 
endotoxin- induced growth suppression was examined. Mice fed a 
basal diet or diet with 0.5% fish oil last twice as much Jtjody 
weight after endotoxin injection tUan mice fed conjugated 
linoleic acid. 8y 72 hours post injection, mice fed conjugated 
linoleic acid had iDOdy weights siaaiar to vehicle injected 
controls; however, body weights of basal and fish oil fed lalce 
injected with endotoxin were reduced. Conjugated linoleic acid 
prevented anorexia from endotoxin injection. Spienooyte 
blastogenesis was increased tay conjugated linoleic acid. 



Recently, nonessential fatty acids have been shown to 
Modulate acute in£'lani»iatory and immune responses possibly by 
changing cellular fatty acid profiles (l). The ability of two 
major fatty acid components of fish oil, eicosapentaenoate fEPA) 
and docosahexaenoafce {DHA), to modulate the synthesis of 
arachidonate and its raetaboiites was recognized as one loechanisiu 
of iiaiitune regulation by fatty acids. SPA has been shown to 
depress arachidontc acid derived prostaglandin E:, (PGE:.0 
synthesis in peritoneal leukocytes from rats {2). UnliXe corn 
oil-fed rats, fish oil-fed rats did not exhibit the 
characteristic depression in food intake when injected with 
interieukin-l (1L~1) {3). This phenomena has been partially 
attributed to the ability of fish oil to block or alter the 
cyclooxygenase pathway thereby decreasing PGE, synthesis and 
altering the ability of PGK-^ to negatively feed back on IL-i 
synthesis . 

CLA ("conjugated dienoic derivative of linoleic acid) was 
shown to be a naturally occurring substance in food which has an 
anticarcinogenic effect on difflethyibeni5(a)anthracene induced 
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inamraary tutnors {i). Recent studies \1>) Have shown that CLA 
ciecireases arachidonic acici content of select tissues. It was 
postulated that like fish oil, CLA may exert an effect on tha 
iitiKiune systettt by esltering product foriTiation of either the 
cyclooxygenase or lipoxygenase pathway. Ttie purpose of the 
following investigation was to determine the effect of CLA. on 
endotoxin induced growth inhibition and food intake depress ion. 
Fatty acid levels ir* tissue anci in v itro lyiaphocyte proliferation 
was examined. 



iM aterials and methods 

Ere:^X^tls}n,QL..CLL.3Xx±Ji!A&i%:i afet;aKmi.B^.felaax CIA was prepared 

from iinoleic acid by alkali isojTieri nation as previously 
described (6, 7), Purity was deterpined to exceed 9?%. CLA was 
stored in an argon atmosphere at -?,0'*C. 

ZiS5ue....Cai.ttx...aaia-A«£sm Tissue fatty acid levels were 

determined by the following procedure. Total fat was extracted 
by chloroform naethanol (2:1, v/v) as described by Folch et al 
(8). Fatty acid methyl esters were prepared by reaction with 4% 
HCL in methanol for 20 minutes at 60 c (9) and ajstracted with 
hexane, Tridecanoic acid methyl ester was used as an internal 
standard and fatty acid jsethyl esters were identified by 
comparison with standards using gas cftromatography (Hewlett 
Packard 5890 series II) (7). 

Moiise experiaiental p r.g.tocoI.t Tfiree-week old mixed-sex mice {U.W. 
Madison Dairy Science Dept. outbred colony) (4 per group and 3 
groups per dietary treatment) were fed a semi -pur i f ied basal diet 
(containing 2,5% Iinoleic acid) (Harlan Teklad, Madison, WI ) or 
the basal diet containing either 0,5% added Menhaden fish oil 
with 25-30% att)ega-3 fatty acids as triglycerides (Sigma Chemical 
Co., St. Louis, MO) or 0.5% added C1<A. Ail fatty acids were 
jaixed into the basai diet following the protocol of Frische and 
Johnston (10) to minimize autooxidation. At the end of 15 
consecutive feeding days, mice were weighed and i.p. injected 
with lipopoiysaccharide (E. Coli 055:B5, Sigraa Chemical Co., St, 
Louis, HO) at I mg/kg body weight in sterile HEPES buffer (Sigma 
Chemical Co,, St. Louis, KO) or HEPES buffer alone. All mice 
were weighed 3, 8, 24, 4S and 72 hours post injection, and feed 
intake was determined at 3, 8 and 24 hours post injection. 

At sacrifice, spleens were excised and single cell 
suspensions were made by teasing the spleen apart in calcium and 
magnesiuia free buffer (pH 7.0) and passing through an 18-gauge 
needle. Ceils were then centrifuged through Histopaque 1077 
(density 1.077) (Sigma Chemical Co., St. Louis, MO) and the buffy 
layer containing mononuclear cells was collected. Mononuclear 
cells were counted on a hsBooytometer and tested for viability 
using trypan blue exclusion, Biastogenesis was measured 
following the procedure of Hughes et' al (11), Results are 
expressed as a DPH index (disintegrations per isinute in 
stimulated sample cells/ DPH in unstimulated sample cells) . 

seiai -purified rat diet (Harlan Teklad, Madison, KI > or a 
standard chick mash) was fed to 20 rats (Harlan Sprague Dawley, 
Kadison, WI) and 24 chicks (Leghorn X ffew Hampshire, Poultry 
Research Laboratory, Madison, WI) for 14 and 7 consecutive days, 
respectively. Control anijaals were fed their respective basal 
diets. After the feeding period, anijaals were injected i.p. with 
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endotoxin (see mouse protocol) antl body weight losses due to the 
Injection were monitored- 

gt^t ls. tiQ S; Data were subjected to analysis of variance using 
ttie general linear Eaode.ls procedure of the Statistical Analysis 
Systeai (12). Mean differences were determined using the least 
significant <3ifference method. 

Feeding CIA to Tsice prevented the severe body weight loss 
caused by endotoxin injection as observed in mice fed the basal 
diet (figure l)» Fish oil (.5% of diet} was ineffective in 
preventing endotoxin-induced weight loss. Within the first 12 
hours after endotoxin injection, body weight loss was equal among 
treatment groups. However, by 21 hours after injection, body 
weight losses in £>asai and fish oil fed mice were twice that of 
CLA fed mice. Return to pre-in jection body weight also appeared 
to be faster in the groups fed CIA, In a similar manner, twenty- 
four hours post endotostin injection, the reduction in body weight 
gain in CLA fed chicks {+1 g/24 hrs vs. +3 g/24 hrs for 
noninjected controls) and rats (-3 g./24 hrs vk +9 g/24 hrs for 
noninjected controls) was significantly less than endotoxin 
injected chicks (~6 g/S"* hrs) and rats (-15 g/34 hrs) fed their 
respective basal diets. 

Mice injected with buffer consumed significantly more feed 
at ail time periods measured than mice fed either the basal diet 
or basal diet plus fish oil and injected with endotoxin (figure 
2). The latter two groups consumed no feed during the 2-1 hour 
period after injection. However, mice fed CLA also consumed 
significantly more feed than mice fed fish oil or the basal diet 
respectively, Mice from all treatments which were injected with 




Hours post eijttolttsin injection 

□ayre. 1^ Change in tscx^y weight due to sndoloxin injeclion 
in mice consuming diets containing CLA of fish oii. 

'Not diffarent from CLA or fisti oti led and control inject. 
^^^Means will! diffemnf leflers are significarttiy different fp<,05j. 
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buffer had feed consumptions and body weight gains which did not 
differ. 

Mice fed CIA had a 1.5 fold increase in PKA-P iiiducefi spleen 
lysiphocyte biastogenesis over basal fed mice {figure 3), CLA fed 
mice also displayed greater responses than fish oil fed juice, 
although this difference was not significant, 

The muscle content of Chh was increased in rats {6.25 vs. 
.94 rag/g fatr p<.05) andchicKs (4.07 vs. not detectable; jx.OS) 
fed CiA relative to basal Ced controls. Muscle arachidonic acid 
levels were decreased in CLA fed animals relative to the basal 
fed cofitrol animals (60.8 vs. 39.9 iiig/g fat in rats and 43.6 vs. 
38.8 mg/q fat in chicks 5- 




6 S 10 li !4 i.& 



f igure J_. Effec! of deeding fish ail or CLA on PHA-P' induced 
spleen lymphocyte biastogsnesis in mice 
•PHA-P teve! .78^9/500,000 cells, 
•'Significantly greater !han conlfol (p<.08}. 
'**DPM sample/DPM control, 

mo 
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Kiasing efc ai (13) showed that endotoxin induced weight loss 
was the result of not only reduced food intake, but also reduced 
fractional protein synthesis rate in the gastrocnemius and 
increased skeletal muscle degradation. Likewise, the ability of 
aniisals fed CLA to jaaintain ixjdy weight gain during endotoxin 
chal lengs may be due to factors other than saaintanance ot feed 
intake. Endotoxin injection has been shown to enhance IL-i 
production, and sejsi-purif led IL-l was capable of decreasing rate 
of gain and feed intake to the same extent as endotoxin injection 
(13). Recently it has been demonstrated that feed intake 
depression associated with iiamune stimulation via IL-l injection 
can be prevented by feeding 8% fish oil containing oinega-3 fatty 
acids (3). Fish oils added in human diets increased cell 
membrane EPA {an n-3 fatty acid) and decreased cell Keiabrane 
arachidonic acid (an n~6 fatty acid). The change in cell 
membrane fatty acids was thought to alter prostaglandin 
production and thus prevented body weight loss due to IL-l 
injection (3). It was also thought that a depression of PQE, at 
the skeletal muscle level depressed protein degradation during 
IL-l stimulation (14) since IL-l was shown to enhance muscle 
catabolissR tay inducing PGE,, production (15), It is possible that 
CLA. acted through a siailar BechanisJS and thereby altered cell 
rteitibrane fatty acids and depressed PGE, production. Indeed CLA 
decreased skeletal muscle arach.idonic acid levels. Thus animals 
maintained growth during imiaune stiiauiation. 

Michel et al (16) recently reported that cUi stimulated 
mitogen- induced lymphocyte blastogenesis , cytotoxic activity and 
macrophage killing ability. In agreement with Michel and co- 
workers, we also have shown that CLA enhances PHA-P induced 
lymphocyte blastogenesis relative to basal fed controls. 



Research was partially supported by the College of 
Agriculture and Life Sciences at the University of Wisconsin. 
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Dietary Conjugated Linoleic Acid Decreased 
Cachexia, Macrophage Tumor Necrosis Factor-a 
Production^ and IModifies Splenocyte 
Cytokines Production^ 

MiNOOER Yang and Mark E, Cook^ 

Department of Animal Sciences, University of Wisconsin, Madison, W! 53706 



The effect of conjtigaied finoieic actd (CLA) on macrophage 
functions wefe studied in vitro, in vivo, and ex vivo, in RAW 
macrophage cei! line, CLA (mixed isomefs) was shown lo in- 
hibit iipopoiy saccharide (LPS)-slimutBted tumor necrosis fac- 
tot-<i (TNF-tt) production. Two CLA isomers, cS.tll and t10,c12, 
v;er« tested on RAW cells and it was found that (he c9,t1 1 was 
the isomer rssponsibte for the inhibition of LPS-induced TNF-« 
production. BAtB/c mice were used to determirje the effect of 
dietary CLA on body weight wasting and feed intaice after LPS 
injection. CLA was protective against LPS-tnduced body weight 
wasting and anorexia, Piasms TNF-^i ieveis after LPS injection 
Were iower in the CLA group compared with the corn oii-Jed 
controf group 2 hr post-LPS injection, in a separate expe.'iment, 
30 mice were ferf a CLA-supptemenied diet or a corn otl- 
suppiemented diet for 6 weei<s and peritoneai resident macro- 
phages w&re obtained tor measuring TNF-« antf nitric oxide 
production after in vitro expbsure to interferon-y (fFN-*/) and-'or 
LPS. TNF-[\ production was not found to be different in perito- 
neal macrophages from mice fed the dietary treatments, but 
iess nitric oxide was produced in macrophages from CLA-fed 
mice upon stimulation when compared with macrophages from 
control-fed mice. Splenocytes were also coilseted from the 
mice fed the dietary treatments and stimuiated to produce cy- 
tokines in culture. Supernatant wa-! used to run cytokine en- 
zyme-llnksd immunoabsorbant essays, lnterleukin-4 {lL-4) was 
decreased in CLA-fed mice when splenocytes were stimulated 
with concanavatin A (Con A) for 44 hr; however, fL-2 and ttte 
IL-2-to-iL-4 ratio were elevated. Sol Med 2£fS.Si-58. 2003 

Key words: CLA. cachtwi.-j; maotophsge; cylokirves 
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A biologica! impotiani role oi' conjugated linolc-.ic acict 
/\ (CLA) as '.ill adiitarcifiogen was first reported by 
JL jLparixa and Hjirgraves (I). It was later foutid thai 
CLA had physiological properties that dift'ered from LA. 
Synthetic CLA is a imxtare of isomers, :tnd it is difficuU atid 
costiy to ptirtiy pure isomers, hence, until fecently, most 
repot ts 0!) ihe physiologicis! effects oi CLA have used 
iriixed isomers fpredotiilnanily c9,ti! arid [iO,c32), Among 
Eiiese studies, {'1.,A lias Eseet! showtj to decrease carcitiogen- 
csis (2, 3), deCi Citse atherciscierosis (4, .5), {ttxi change body 
coti^osition by increasing ixsdy ptx)iein atid waier cooietu 
and decreasing body fat (6--*), Iti addition to tiie above- 
mentiotted properties, CLA also modulates ihe iaimune sys- 
tem by increasing lymphocyie biastogenesis, lyraphocyte 
cytotoxic activity, and macropimge kiiliog ability, as well '<& 
protecting against end-stage k)dy wasting iti autoimmune 
disease (9-12). Other fatty acids also affeci immunity as 
well (LVIS). 

It has beer} shown tiiat several dietiiry oils rnoduiate 
macrophage finicl.ioti. For exantpie, dietary listi oil dt^- 
creased ititerleukin-i (O.-l) reiease by peritoneal macro- 
phages whet) coti5piiret3 with coni oil-fed controls (161 
Macrophages ts& bd.ieved tt) be the principal sources of 
iumor tsecrosis factor (TNF)-a prodttced in vi\Kh atid li]Xi- 
jxilysaccbaride (LPS) is tiie most jX)tent stiiTtttlus of mac- 
rophages for IWr-n prodttction. The aciiviiy of 'HSfF-a was 
originally shown to kill tumor cells, but it also has a 
profound effect in causing body wasting, or cachexia. Di- 
rect infusiorj of TNF-« into rats has been sijown to promote 
mtascle degradation (17). Oar iaborator;/ Iras shown tliat 
feeding CLA lo ciiicks reduces LPS-indiiced body weight 
wastitig and feed intake {12, IB). Becattse macrophages" 
are immune ceils known to produce TNF-a ttpon LPS 
stimtilaUon, ifie effect of CLA at iniii biting LPS-itiduced 
waslitig coiiid be due to decreaseti T.NF-a production by 
macropiiages. 

T lymphocytes play an imp<>rtant role in ihe immune 
sysiem. Up;>n activation, naive T ceJis (TliO) diffejentiate 
into either T tielper I (llti) or T!i2 effector cells as they 
secret different cytokines and rttediate ver>' different im- 
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miiiie responses (19). Thl type res|X)!ises are primarily cel5- 
mediated immunity and hiQairanation, md Th2 cyiis and 
cyiokines jnediate htinionii immunity, Ui)on activation, de- 
veiopiTicnt of ThO celts inio either Thl or Th2 cells depends 
OTi the local cytokine miii{;B. For ex;iriip!e, in the presence of 
IL-I2, Thl clone dovelopment is preferred (20, 21). On the 
other hand, is indispensable tot ThO cells to pciiarize 
into Th2 clones (22. 23). Moreover, I'hl anclTh2 responses 
aix; cr()s.s-regul;ited. For example, ■lFN-7. a cyiokiiie pro- 
duced by ThJ cells, jiihi[)its lL-4 prodiictioti and su]?preises 
Th2 developEneiJt (24, 2S). Conversely, IL-4 und 11..- !0 pro- 
duced by Th2 cells block djiferentiatioti ol'Tl^O to Thl (26, 
27), Sugano el (li ill) showed dietary CLA tijcreased iro- 
intmoglobijlin (Ig) A, IgG, and IgM in both rat senjm and 
cuhured lynph node cells, wlsereas igE was reduced. This 
work implied that CLA may promote Thl cytokine and 
inhibit Th2 cytokine j^roducaon, as Ig class switch from IgG 
to \gE would not occur without U^4 or 11.43, both wtiich 
are ijoteiu Th2 cytokines f28, 20). In a guinea pig asthma 
rriodel, allergen-induced trachea hisiamine production was 
reduced in CLA-ted guinea pigs (30). lg}>induced hista- 
mine release was enhanced by a Th2 cytoki)te (31). It 
was our interest to test the effect of C1..A i>n the helper T ceil 
cytokines profile tiTOdilication as sug^e.'iied by previons 
studies. 

Because inacrophages are very setisitive to LPS stimti- 
lation, it seemed that macrophages can be a potential target 
of CLA to decrease LPS -induced responses. In this study, 
we inve.siigated the effect of CLA on macrophage TNF-fx 
production, as it was hypotliesized that CLA inhibits TNF-a 
production by ti^itcryphages, in addition, splenocyte eyso- 
kines lL-2 and IL-4 were also measured, 

Material and Methods 

CLA. CLA used in tfse in vivo ;jnd a- vivo feeding 
trials was obtained from Natui-al Lipids Inc. (Movdebygda, 
Norwtiy) arid contametl approximately 90% S'l.A (CLA -90) 
with the following C18:2 conjugated isomer disliibtuion: 
43.5% iUXcl2; 4L9% c^),ill and t9,cil; L5% t<i.tll and 
tl0,il2; 0.9% c9,cl 1, and 0.9% cU),cl2. Other fatty acids in 
CLA-90 were 5.6% oleaie, 1.4% palmitate, 0.5% linoleate. 
0.4% siearaie, and 3,4% uiiidentified compounds. L'or in 
vitro studies, LA was purchased from Nu-Check Prep 
f>99% pure; Elysian, MN). The c9.tn CLA isomer was 
purchased from Matreya Inc. (Pleasant Gap, PAl The 
c9.tl 1 CLA isomer was 96..3% pure arjd had 2,6% of f9.t 1 1/ 
EiO,tl2 and 1.1% of other CLA tsorners. The tl O.c 12 isomer 
was from Natural Lipids, and it had 92.8% of l}0,cl2; 1.6% 
of c9,lll; L2% of t9,tn/tlO,ii2; and 2.S% of other CLA 
isoniers. 

Macrophages. RAW 264.7 cells were a gtft frojit 
MW. Pariza (Food Resetiroh Institute, University of Wis- 
consin, Madison, Wl). Cells were cultured in Dulbecco's 
modified Eagle's medium (OMEM) mediti (Life Technoio- 
gies, Caithersburg, ME)) suppietneriied with 5% fetal bovine 
serurn (Fi^S) atid 1% antibiotics soltition (A9909; Sigma, 
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St. Louis, MO). Mamjphages were plaled in ihe densiiy of 
100,000 cells/well in a 24- well plate for 24 hr, followed by 
culture in fresti rriedia c<->ntaining fatty acid-albumin com- 
plex. The final fatty acid concentration was 100 fJiM. Cells 
were cultured with fatty acid-albumin complex for 24 hr. 
Fresh media (containing corresponding fatty acid-albumin 
complex) coniaintng 500 ng/rnl LPS (from £' coli, serotype 
055:B5; !,..-4005; Sigma) in phosphoms-buffered saline 
(niS) was then abided for 16 hr to stimnlafe TNF-a secre- 
tion, Control cells were treated with PBS. Media was then 
collected, fro^jet), and subsequentiy analysed for TNF-« as 
described hetow. Cell viability was checked under micrci- 
scope and by iotal o!>ti washable protein measurement (cell 
protein concentration was measured aftei- removing super- 
natanLS for TNF-ct analysis and washing cells with PB,S 
tliree times) to confirm that viability of macj-ophages cul- 
tured under the 100 p.M fatty acid-albuniin compter did not 
differ from t^iacrophages cnUured with albuimti alone. 

Preparation of Fatty Acld-AibunrtSn Com- 
plex, To make ftitty acid-aibumiii complexes for treating 
macrophages in vitro, 2.8 mg of free fatty acid, already 
dissolved in 0.5 ml of KOH (0.1 M), was transferred to a 
.scintillation vial, and 4 ml of 2.5 mM bovine alburrsin PB.S 
.solution (U^S free, A-8806; Sigmal was added and gassed 
with nitrogen. The via! was then wrapjicd with foil aiid 
refrigerated overnight. The pH was then adjusted to 7.2 
using 0.1 MNaOH solution, and the volume was brought to 
5 ml with PBS. The solution was filtered using a 0,22-p.m 
syringe filter for tJse in cell culture. The fatty acid concen- 
tration of the prepJiration was 2 mM. 

Diet. A semipurified p^iwdered diet was purchased 
from liarien-Teklad aD94050, 99% ba.saS mix; Madisot!, 
VVI). The diet had 5%- corti oil and it was supplemented with 
ctiher 0.5% Cl-A or corn oil and 0,5% sugar. Hence, tise 
coiitrol diet tiad 5,5%' com oil, ttnd the C1..A diet had 5% 
coin oil and 0.5%.' CLA (10). Fresh diets were jjrepared 
every other week and were ke{)t refrigerated. Fresi) diet was 
provided to mice three times a week, Bolh diets atid waier 
were provided ad libitum. 

Animals. Weanling BALB/c mice were purch3.sed 
from Harlan-Sprague Dawley tindianapolis, IN). In ex- 
periment one, 12 nidce were immediately divided into two 
groups of six and were fed either CLA or the control 
diet. Three mice were housed togelhei- in a shoebox cage 
during dietitry treatment and were then individnaliy caged 
right be tore I-PS injection (see below). In the ex viva 
smdy, 30 mice were used in tfie study wish 15 mice wlio 
were fed the control diet and 15 mice who were fed the 
CLA diet. Fhree mice were housed per cage in a tempe!~a- 
ture- and isumidity-conmilled room with a 12: 12-hr light- 
;dark cycle. The protocol for animal care aid use was ap- 
proved by the inslitiitional animal care and use committee at 
the College of AgrictiUure and Life Sciences, Ifniversity of 
Wiscotiski-Madison. 

in Vivo Mouse Trial Treatment. After 6 weeks on 
!he diet;jiy lieasnjents, s>iree mice from each dietijry group 
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were injected iiiiraperitonesjiy witii IPS (OA mg/m! in sfef- 
iie PBS, 1 m) LPS ^olntion/luO g of body weight) and ihe 
reniaining fhree were injected with sterile PBS (isijection 
control). Body weight and teed intake were recorded at 0, 
24, 48. and 72 hr posieridotoxin injection on the ifidividuaity 
hoase<i mice, Siootl sampies were obtained retro-orbitally at 
0, 1, and 2 hr after i.RS itijection (32), Plasma .samples were 
tiijceti from the bJood ssnnples after centriftigation and were 
subseqijentiy mr^lyzed for TM^-a a.-; described below. 

Isoiatjon and Culture of Mouse Resident Peri- 
toneal tlitacfophages. la the ex vivo sttidy, 30 tnicfi were 
eitiier fed the CLA (15 [nice) or cotiitoi diet {L5 sitice) for d 
weeks. Two or four mice were ttiert sacniiced daily to ob- 
tain reside !)t jjenioneal macrophages and spienocytes, Peri- 
loneal i-c-aden! macrophages were coiiected jx^steuthandsta 
by injeciing 10 mi of ice-cold DMEM media containing 
K>% FBS and 1% of antibiotics sjoitition (Si^^ma) into the 
peritoneal cavities, and then recovering the tluid (33). The 
fluid was coliected and gentiy laid on top of 3 m! of His- 
toptique 1081 (Sigina) arid was centrifuged at 400» for J 5 
rniti lii ambient lemperature. Mononuciear cells were tcans- 
fen-ed to a clean centrifuge tube and v/ere washed twice in 
Mg-^'"" Ca^'^'free PBS. Viable ceil ntirtibers, as determined by 
trypati b!ue exc!usiot3, were greater ihati '>5'X\ The ceils 
were an.'jpesided and adjusted to 1 x 10'' viable cells/mi in 
RPMI 1640 inediutn wilii 10% FBS mid 1% antibiotics 
3oiutii.!n (Siginaj. 0ns hsindred tntcroiiters of cell .suspen- 
sion was added to individual wells in a 96-well plate 
{IC«),(X)0 celJs/weti) for 2 hr. Nonadherent cells were re- 
moved by washing the monolayer twice v/ith fresh medium. 
The iidherent peritoneal exudate cells are hereafter referred 
to as macrophages. Macropliages were itiimediaieiy primed 
with .5 unit/ml UK-y for 4 iir before beirig stimulated for 
TNl-'-u or nitrite prodnctiot) (33.). Macrophages were cul- 
tured with LPS (500 fig/nil) for 16 hr and the stJpernatants 
were coliected I'or 'i^NF-'-cs assay For tiitric oxide assay, 
phenol-red free DMEM was used, and 500 ng/mi LPS and 
5 [tnityrtil n-"N-7 were added to the macrophages and incu- 
hated for 44 hr before tiie cuSkue .^upertiatants were re- 
tnoved for niirite assay (3.^). 

Spienocyte isoiation. Spleens were removed from 
the CLA- or control- fed mice and were placed in a petri dish 
with JO ml of RPMI 1640 rrsedia. A lO-rni .sterile syringe 
plunger wa,^ used lo disperse the spleen into a single-ceiled 
stispension. The media containing liv} susj^wnded spleno- 
cytes were tiien collected and layered atop 3 inj of His- 
topaque lOSi (.S'ign-ta) in a L>-ml centrifuge tube atKi were 
centrifuged at 4Q0g for 15 niiri at atnbient letnperaiure. 
Mononucletir cells at the inierface were coliecied tisttig a 
ixansfer pi{>ette, placed in anoliier centiiftigation ttibe, and 
10 nil of rxiedia w3s added. Ceils were centrifnged and !he 
pellet was then washed twice with fresh rtiedia by centrifu- 
gation. Splenocytes were theti resusjietided to a cell density 
of 2 X lO'Vn'ii, and 500 i^i was applied into each well in a 
24-we!l plate. Concariavalit} A (Cot) A) at 4 jj,g/rti} wss 
added into splenocyte ctfUore, and siijieniatant wha col- 



lected after 48 tir atid froren for stibseqacni cytokine 
analysis. 

Cytokine Assay, TNF-a-. fl.-2-, and H.-4- <:)ptE.[A 
enzyme-linked inmiunoabsorbant assay (ELISA) kits 
(PharlVlifsgen, Diego, CA) were used to determine the 
serum TNF-oi level as well as culture stipernalanl TL-2, 
T!..-4, and TNF-a conceniration. A standard procedure of 
cytolcine ELiSA was performed according to the mitnufac- 
lure's instructions. BricOy, a plastic plate was coated over- 
night wifh a capture atitiljody !c>r a specific cytokine, fol- 
lowed by w.^shing atid blocking tfie plate. Oiitftcd samples 
and standards {provided in the kil) were then added ai)d 
incubated. An e>i.tensivc wash was applied bcfote secondaty 
antibody and en?,yme conjugates were added. Plates then 
went fltrough anoflter round of incubation and extensive 
v/ashing. Developing resgetit was then added to the plate for 
15 min. Color development was stopped during linear in- 
creases in substrate utilization by adding 0.5 M sulfuric acid 
to di,srupt enzymatic activity. OD readings of sarnpJes were 
convei'ted lo concentrsition based on the reference curve. At 
ie;i.se ciuplicafe sasiiples were analyzed for each cytokine 
ELISA. The TNE-a kit used it) Itie present study only de- 
tects free-fortn TNP-a but not receptor-botmd forrrj. I'tie 
deiection limi! for TNF-a, lt-2, and IL-4 is 20, 10, atid 10 
pg/ml, respectively. 

Quantitication of Nitrite in Culture Superna- 
tant. Measurement of nitrite ijas been comtnoniy used as 
an indirect meastij-ement of nitric oxide formation because 
nitrite is a stable end product of the highly reactive nitnc 
oxide (;34), In (he ex vivo experimetif, 50 iii of cultured 
resident iriticrophages siipemaies was faker* from each well 
and mixed wiih 50 |ji3 of Griess reagent [1 p;iri of 1% 
sulfanilamide and 1 part of 0.1'^' N-(?-naphshyl) ethylene- 
<iiamtnedihy<lrcjchlDfide, mixed imtnediately beft)re use] in 
a different 96-wel! plate. The plate was gently shttken at 
ambient temperature for 5 mxa, and OD was measured at 
562 nm. A standaid curve was established usitig known 
NalSiOi preparations. Sample nitrite concentration was ex- 
trapolated from the OD based on ihe standard curve. i>u- 
plicate samples were used in every nitrite micropiate assay. 
The typical standard curve had a correlation coefficient of 
more than 99% between 0 and 20 ti-M. Samples were diluted 
to this range and were iinalyzed again if they were totmd to 
be higher than the upper limit of standards ai first analysis. 

Colorimef ric Tetrazoiium Assay, Ihe linear rela- 
tionship between number of macroptiages or splenocyies 
and cleavage of teirazoJiurn was measttred by a modilsed 
3-(4,5-dimBthylshiazol-2-y!)-2,5-djphenyl tetmzolium bro- 
mide (MIT; Sigma) assay (35). MTT was dissolved in PBS 
(5 mg/f)il) and filter sterilized tfirough a 0.22-iirn syringe 
f'ilfer. Twenty-five tJiicroltiers of MTT soluiicm ivas added 
to each culture well and these plates were incubated at 37'^C 
for 3 hr. One hundred microliters stop reagent was added to 
eacti well attd mixed. Stop reagent was prepared by dissolv- 
ing sodium dodecyl sulfate 20% (w/v.) at ambient tempera- 
lure it) 50% N,N-dirncthY!formamide in demitjeraltzed wa- 
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ter, and pH was aiijttsted [o 4.7 using 80% aceiic acid and 
2.5% 1 .'VHCl. The plates were incubated overnight at 37'-C 
to ensure !he conipiete soiubiiii^afion of ceils and tiie biue 
co'St.ais of forina^an, OD re;jd on a inicroplate reader 'ai 
wavelengtii of 562 nm. MTf vakies were deterniined after 
Coi3 A stimulation arid were used to correct IL-2 and (L-4 
data based on cell numbers, 

StatisticaJ Analysis. Both nonrepeated aiid re- 
ix^ated data were analyzed to deiciTnitie CLA treatment ei- 
Tec! by PROC' MiX in SAS computer progriim, version 8 
(vSAS institute, Cary. NC) (36). ?of Figures I jirid 2, data 
were. ana3y/-ed by ooe-way tmaiysis oi" variance {ANOVA) 
with two irestments, witi! repeated treasures on experiment 
unit (inousc). A tyi>e "ARH(i)" error structttre was used to 
accotml for anto -correlated errors. For Figures 3 and 4, data 
were analyzed by one-way AHOVA with diet as treatiDent 
and micc(d!ct.) as error, Iti addition, tiie mode! included a 
blocking factor to -.iccouut for vjmations due to different 
days of aoitnai sacrifice. For Figure 5, data were analyzed 
by randoniized complete block design with experiment unit 




Ddvs -iTier LPS Injection 



Figure 1 , Vhe influsnce of tiietrSfy CL.A on LPS-iricJo«hd ijody v«ight 
loss ancJ feed inta!<e. After ftjuding CLA or conlroi diet for a sv&eks, 
mice wfite injected wifti either LPS (1 mgkg) or PBS (date tiot 
sfiown) CumutatSve i>ody wBight ciiatHje arici feed inisks were tnoni- 
lored for 3 days Each point lepre&finls least sqtiare mean with 
pooled «r(or. Ttiei© were tfiius mice in each gfoufj. (a) Repeated 
data analysis showed rJietar^' CLA was profecSng mice against 
wetyirt foss compared with mice fed the mntro! (corn ot!) diet (P < 
O.oi). (b) CLA- ted mice ato nu-sre diet altsr LPS injection comp<^red 
With control-fed micfi (P< 0 01) 




Tim? afcr t.PS in 



mm 



Figure 2. infltjonce of diet.^sry Ci.A on L PS-induced reltssse of 
plasma TNF-a. Mice were fed a CL.A or conlroi diet for 6 weeks 
t^efore LPS (f ng'g body weigtitj or PBS injection Biood samptrss 
were obtained trotn mice 0. f~, anti £! hr after t.PS injectiori. ELfSA 
was wm6 to detRrmine plasma TNiF-u fevei. iXach bar repressnls 
leas) square moan + pooied ertof (SE:Mi. Pfasma TNi"-a was un- 
clwiged over tiins in the P8S-injecl6fd rrilc© {data not shown}. Ait 
asterisk indicates signiftcanSy diffetern from ccmliol at P -~ 0.0? . 



was me;iri of quadrapiicate weils. Data from live indepen- 
dent experiiiiefits were used in the 'ansdysiii where experi- 
metjt was treated as t'Jock, 

Results 

Mice fed CLA had s)<;nifican!ly ie^s endotoxin- indttced 
body weight loss (0.9 over 3 days compared with conta)l~ 
ted cndotoxin-injected mice (4.1 g; Fig. lA). f-'eed intake 
ai'ter LPS injection was also signifiCErtiliy affects^i by CU\. 
After LPS injectio!), CLA-fed n-iice ate raore feed (2.6 
g/day) compared witii control-fed mice (LI g/day) over a 
3-day period (Fig, IB), in PBS injection treattneni, feed 
itjtaice was 2,8 §/d for the CLA group aiJd 3,6 g/d ior ttie 
control grotsp. Weigbt loss iu PBS iiyecLion treatment was 
L7 g in Lhe control group and 0. i g in fite CLA group {data 
not sIx'Wfi), In the in vivo trial, CLA had a potetit inhibitory 
effect 0E5 LPS-induced atiorexia and body weight loss. 

Ttte evideiKe that CL.\ juotetits against f.PS-tnduced 
cachexia and tlw role of dietary CLA on LPS-indticed 
plasma TNF-a- was investigated. After iriice were fed Cij\ 
for 6 weeks, the pia,srtia IKF-a leveis were sigfiificantjy 
lower in the CUK-fed mice compared with the control-fed 
tiiice 2 !ir after LPS injection (Fig. 2). The TNF-h produc- 
tion from PBS injection contiol was unchanged (data noi 
shown). 

In the ex vivo frial, we studied perttonetjl resident mac- 
rophage activity after itiice v^-ere fed the diet;jry freattnents 
for 6 weeks. Vv'e found that even thottgh CIJK decreased 
plasma TNF-« level in vivo, CLA did not stati.sLicaity de- 
creased LPS-induced release of TNF-w in pentonea! resi- 
detit niacrophage in this ex vivQ system (Fig, ?>A). Nitric 
oxide production, however, was reduced by CLA, Peritone- 
al resident rnacropijages from CLA-fed mice had less nitric 
oxide pixiductioti \vhen stimu fated by ir-"N--y atjd LPS wtien 
coinp:jred with cells fron3 control-fed imca (Fig. 3B). 
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Figure 3. Nitric oxide and TNF-« pftxfucSon by fissident peritoneal 
mscrophagtjs were affectsd by CLA feeding. Mice wete feci CLA or 
oontfo! die! for 6 weeks bofore sacrifice Residonl peritonea) macfi> 
piiages were obEaineci and primed wiih WH -y. {n) Maciopbages wert? 
i3t«r stimutated with LPS for fNF-u Ff!)d<x:tiofi. (b) Meicropbages 
were later stimulated witb t.PS and tl-'N-7 for riititc oxide producitwi. 
Macrophages from mice fed a CLA ditsi produced a significanSfy 
iosvff attiouni of nitriie (53,3 compared witj-i niaciophagss item 
mice fed ;j coniroi diet \6A.2 ^jM). TNF-a pjoduction, however, was. 
not diffijrent be-twsen CLA and coriirol groups. Each bat repiessnts 
least square meafi with pooled error Ttwrs were 15 irifce in each 
dffci treatment. An asierisl< (ndicates sigriiffcanify different ftofti eon- 
(lol at P < O.OS, 

SpieeiK were aiso obtained for !ymphocyfc cytoicine 
anaiysis. Ss>ienocy£e.s were ireaied with Cm A for 48 br 
befote coliectifig Htjpernatatit for cytokine analysis. Spieno- 
cytes frotn CLA-led mice did show -a higher IL-2 prodtic- 
tion afiet LPS stinnjiauon and lower n..-4 productjon tiisn 
spletiocytes from control-feci mice {Fig. 4). The ratio of IL-2 
to IL-4 was significantly (P < 0.05) higher (ratio ^ 3. J) for 
spisnocytes frotii the CLA-fed inics; compared witii Hm cotj- 
trol-fed mice (ratio - 2.2). 

in the in vilro cxpiirirnent, alter RAW mcicrophages 
wete cuhured with fatty sidd-itlbumiri complexes, they were 
stjtiJuJated with LPS to pixaiuce 'fNf-a. Out d&ta showed 
thai Cf.A mixture had an inhibitory effect 0(5 TNF-a pro- 
duction core![)ared with the LA oc'ntrol Among isomere, lite 
c9,U 1 isottjer svas rcspcmsihle for tfiis inhiliitoty effecf (Fig. 
5A), btu ml Uie e10,c12 isomer (Fig, 5B). Iti average, iOO 
ii.M c9M I CLA isomer decreiised macrophjige '{"NF-a pro- 
ducttoti by 60% conipared with U\ control. This c9,tll 
isomer effect was; dose responsive as 50 iiM c9,tll CLA 




Cytoitiiic 

Figure 4, CytoKitvs js-oductiori i^jienocyies from mice fed CLA or 
cornrol diet. After mice were fed Ci.A or corjiroi diet icf 6 weeks, 
splenocytijs were harvested and stirtiuiated with concaoavaiin A for 
cyioKine production. SSupernatanfs were thtsn harvested from the cu\- 
fursd splenocytes and ariafy^ed by Ivt.iSA. Cyt'^ine production from 
eacii well was cortecfed by r'lurtibers of cfsfis presenied at rfie end of 
the cotiure fr.3t was determiried by colofimetric letra^oltum assay as 
desonbeci rr) "Waterials arid Melhods." Each bar rssprese-tiis iesst 
square nieari wttfi pooled etror. Ttsete ate l5 mice in -sach diet 
treatment. I'fve IL-S-to-tL-f ratio is 3.3 fot ttw Ci^ group and 2.2 fo; 
the controi rjioup. An asterisk indit;ates significantly ditlerent from 
control at P < 0-QB. 

alone was 40% ini)ibitor>' to macrophage TNF-oe prodtic- 
tion. Oij the other hand, ii0,cl2 isoiner did not siiow any 
effect 0!) macrophage TNF-« pr-odttction. 

DiiscussjoJi 

Dietary faity acids have been stiown to be potent im- 
mune regulators, in genera], high diaUuy levels of PUFA or 
n-j fatty acids isave 'dn inhibitory elTcct on T cell prolifera- 
tion and iiattiral kiOer (NK) cell acSivity (37), Fish oil, rich 
in ri-3 fatly acids, decreased murine and hiirtian L-PS- 
stimuiattxi TNF-o; ptoduct.ion (38, 39). It has been shown 
tinat dietary iish oil [srevents endotoxin-induced death in 
guinea ptgs (40), [)ossibly by inhibttion of cytokines pro- 
duced by macrophage.s (41). 

Feeding 0-5% CLA to atiimals resuited in up to 10 mg 
of CIj\ per gsmi of body fat in severai different tii^siies 
v/itbin 30 days (42), and it took between 2 and 4 weeks to 
reduce CLA to baseline ieveis after its withdrawai fi-om the 
diet (43). Several physiological changes, including body 
composition ciiisnge (6), anticarctnogenesis (44), and anti- 
atherosclerosis (4), were also shown when using up to 0,5% 
CLA in animal studies. 

CU\ has been shown to be a potent itraiiune tegyiator. 
CLA decreased tire LFS-induced cachectic respotise in 
ohickei). rai-s, atid rtiice, but at the same titne, increased 
lympiiocyte blastogenests (12, IS). Other groups also re- 
]XH"ted CLA- increased lympiiocyte htasiogenesi.s as weii as 
increased proditction (9, 45 , 46). To tiie best of our 
knowledge, this is ihe first report of an elevated Th]fTh2 
cytokine ratio in CLA-fed tniee. The increased Ii.-2 pro- 
dttction fshowtr here, md by others) and liie decreased iL-4 
piodticlton a.ssi)ciated with dietary CL.^ may explain the 
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A Trcauuens 




0 Tf«atniem 

Figure S <.A A ir(>i(bite50 TNF u ptc-duction from cuiEuFed RAW mac 
toph^gs! wif line (<* an^i b} RAW weie pl^teJ (ir>0 OOu ot;f&' 
Wt#!i) in S-l-wtiii plat« ffjt d-^ hr TM«'i ifHV were .^jltifffict with fdtiv 
-^C!Q aibuniiri ootnpfox for 24 fit b^fcte IPS wMt cstJcied into ciiitiife to 
stifFtutatti TNr-r< t,«cn#iton tor 16 ''if Zdch bar repitisrnts it.-i<^t 
'.(^iiare rne^n wiih pci'ited ef.or (SEM) here were 1 w-sfl'^ for cacli 
tf(i!«^.(?nt in a pirfts? Bar Wiih a diffcTont tetifSf ifrJicstcs big 

t^ilicwitfy dff<etyfi-8 ai f <0 05 Coir'paKsd arnong LA CLA and 
t{» {11 CLA isonisf (b) CoffipSH 0 vifnonci L A ri A antj (10 rl'^ 
CLA ts^jfiwi Miysd fsoinfifs Approxtimt'-fy 4?°' c9ni ard 44* 
!1 1 > c}2 Figur<^ shown hate- fr>ptf5r>nted meam of ttve tndependerif 
extMtiments, 

reduced {gC prodticttori in CL^ K-cj tiifi. (IP if- ccirnpaifd 
wish ratt> fcd diet!! i.ijgely btised on LA 

MeLdiJ^e {'I \ i,eLii], to onfiijricc irrimiinnlog cai re- 
spviDses, svhicti ifii'V po^^" a i^>terit3<ii nrk on ititnuisie hy~ 
pefienfiittvit^, mir iahuEdtoty ')<t.\ {>ecti studsing bow dietaiv 
t'LA nu\ affect type I 'ind ty{)e U] jtutDune inper-jensitiv- 
lU It) .5 lyjX' r injX'rseriMttvity tnudel HA redui-ed anti- 
f,en-tndijced histamtnc and PCiE. release tix^m tracheae nt 
CLA'fed gijtnea pigs (^Ot In an aiitoinunime u^r* ^ 
ptrijc-nsnivity"! mcxlt,-!, OLA feeding not on!> proteeted 
afjajnst end-sta^e bod\ wj!>ting, but aho jticri^ased ^ursivaJ 
da\i i 'i-f.ild alter the (inse* ot proteitjuna in rtiict' (.10) 
Shi' ted CYtokioe proiiies tiiward Fhl !nd> tincrk-re wr-h i}5 
chf-s swiicti that IS tieeded m prodiKuJC IgJt in imnnine lypc 

1 h>r,eri,ensit3Mt\ !ei,jNi£5-,es (^4"') Ihe leditccd igE fnixluc- 
iitin ii> Of A k'd rats \ v/uuid artainlv resuk m a re- 
diictd tjpc 1 h-V'Xtsorisiiivttv icaciion upon challenge, :is 
demoKstiaied m a oumca ,•>% hji>erseti'"tivttv model (.30) 
I he development of expcnmentaiS) induethk' inpifij in rmoe 
swiTii, tc ifi\ol\e two lUiges mtrea^td Fhi cvtokine:, !ni- 
iowed Dy elevated Yb2 cyH'kinei iater in lile (4K> iriC!ea.>ed 
Th2 cysviktne pLxijctmn wrrelatea %vell tc dt<;ease pn>gres- 
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sion Hence, ^ CLA-tndneed siiiit towarci ibl vVfobttti 
coiiid explain, at Jea>.t in pjrt, increased daw- ot survival 
post-protemuna in hipi3<;-pronc mice Inhtbtted production 
of INF-u tr-ay also help to explain the i eduction m body 
weight loss m flA-led Uipu!> mtt,<; at the end i,tage of 
s^s■^< mit topos disrtaje t iO~l 

Macrophages t^e sen-^ttive to dietaiy tativ acid ^tipple- 
inctittiijon as iti: tatty aeid profile reflectsi ^uch dtet.irj m- 
teivetiiton 50) ihese wotks a"s>i showed tt!,it dietary 
fdttv aoids dlu) d!ct,He !n<-ciophageplns!uiogv nieidn- fit.h 
< d has bet n shi^wn m Jeciease inai. ro]>hagL antijjen pre'-cn- 
tation C^l, 52) .ffid to decrease cvtokine prudnciion a-^ v^cll 
<tf irRNA. c\prest,!on 0^. 55* In the presen! find), niaero- 
piiages v/ere tested a? one of the target celb on whieb CLA 
niodu'dtes immune function Onr data showed that CLA., 
niore jpecitleally 1 1 C! A decreased TNI -u produetiun 
in iMW mac"f>phage cell hne i PS-induced anorcxtd dnd 
cachexia rcspt^nbee weie reduced tn CLA-led aminalh The 
pldsmj VNh-vi level alter I PS mjectiot' \va:> .ilso !>uppre!.s>ed 
m C! A -fed rt.ice It was unanticipated that miv,e ieo t1 A 
did not suppress e\ vtvo I'M-n ptodui-tton iti rciident pen- 
i.'>n[''al ni£icr< 'phages However, both m vi"-o and pLisfiu 
samples showed ifiai Ct A hds an mhihitoty effect on 
TNT a pfuduciK n Fatfj acid l^tirnne! laie m Ciiftufcd peii- 
toneal resident maciopbafecs nuy hfivc plavcd a role in t'le 
lack of 1 NF-ot lespunsc observed w tnts mode) In the cell 
cultute study, CLA i^as i-ept ai a constant eonecntiaaon 
during the m \Hio experitnents, and when blood was drawn 
tor INF-u anaJvsiS, mice weie mil fed tlie ireatmeni diet 
However, vvheii culture supernatants weie collected m the 
ft MW btudv peritoneal ina^ropha^jeb hdd ahead) been 
cultured vd'O for 24 hr wi*tiout exogenous. eKpossttre t" 
Ct A \5oreover, tlie iet^tl bovine saum used in the i.vstem 
niijht not have been a'' eflcvtne a.s antologftus teuirn < 15) 
n- deiTioHistiatirig LLA's efietts on I'NF-o; piodiiction by 
icsidcnt peiifoneal maci opha^ea 

The two nnm isonieif, i>t the CLA nitm le (c9j 1 \ and 
tlO,cJ2) I sed in this smdy wete consideied to have dilfcient 
properties on cvtokine reg.ilation In fart, c9,tll CIA in- 
creased feed eftioiencj (,54. 55;, whereas fix- tiacll v/as 
the i&omer btjown to afreet bodj compii^ition (56) In the 
present stuii), c",tll CI A isome- inhibited T>iV~<-t produc- 
tion irom (ft vilro macrophage cultures tHg 5a) The slight 
decrea.se of INP « m Ifiy {'OcI2 CLA isomer treat- 
tiKtit prohabiy wa«: thought to be due (n c<-',iU CLA isomer 
comirninjiion of O-ie tlt),t1? CIA isomer used (iijj 5bl 
Morouver a ie(.ent stud> icixuted decicased fiep iiie TNt -a 
mRNA expression b) c'5,tl! (1 A m trace (.^7^ !t renuifs 
to be shovvii which isomeis dowiirc^ulate EL 4 production 
dnd inciea,-c II 2 pioduction i ven tiiuugt! the ir data 
sugge^sied that e'^.tli CLA is the active tsoinci in reducing 
I PS-induced INP-v, p.oduction, further in vno !>ttad(es wjtti 
pure CI A iborner;, are ret]uired to validate the m vttro data 
on Y^ii -a ^.jroJucPon and determine ihe etfects of different 
CI A isonieris on iitirnune tunction 

1 NF-ti was shown to be involved in cndolf^xm-inductd 
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v^eigln loss and cancer cachexia (58). Muscie deofadation 
wdn enhanced by I'NF-a. Biocking. TNF-a function by ei- 
ther injection of anti-TOF-a antibody or TNF-«-binding 
pioieins reduced the cachexia reaction (59, 60), I'he de- 
creased l.FS-induced TNF-ce producdofi by CLA may pro- 
%'ide at least one meciianisin by which CLA enhanced the 
rate of growth and improved feed efficiency in animals {12, 
54, 55). 

Ti)romboxane Aj (TX.A j) is a mediator of retia! damage 
(6i). ff! fTiurifse Inpns, JXA^ iniiibitof prok!age<3 sui'v;v;3J of 
NZBAV Fl mice, and renai TXA^ production wa-; elevaied 
in Fi mice (62). In a study comi5aring TXBt (siabie end 
[>rodtJct of TXAjj productiot) atjd COX gene expression of 
iX'ripheral blood monosnicieai- ceils (PBMC) among patients 
with active or inactive lupus nephriti.s and healthy individt!- 
a)s as a conlroi, COX-2 expression ajid TXB^ production in 
PBMC wa,<! only elevated in patietits witii active lupti.^ ne- 
piiritis (631, Inmunostaining of kidney biopsies sttowed no 
difference in COX-i, but COX-2 staining in patiettts with 
active iupus nephritis was increased compared w-jiii patierns 
wish inactive kipas nephritis or healthy controls. Double 
staining of kidney biopsies with anti-COX-2 and an!i-CD68 
antibodies (inacroptiage inativer) demoiisfrated that upregn- 
iated COX-2 enxynfie expression wag within tiie rrtacro- 
phages of gJomeruii in patients with active htptts nephriti.s 
(63). 

Infiltrating macrophages in glonneruii, witii upregniated 
COX-2 enzyme expression, may connibnte to tJie eievated 
TXA2 level in active inpns nepiifitis. Reguiation of jiiacro- 
pitage sc£iviije.s and eicosanoid profiies by CLA may play a 
rote in lupus nepiiritis. Because COX-2 is the indncibie 
i'om and the COX-1 is conslitutively expressed, decreased 
antigen-induced TXS^ production but not the basal ievel of 
TXB;; prtxluction itj CLA-fed gtJinea pigs provides an ex- 
planation that CLA may preferentiaily inhibit COX-2 activ- 
ity (64), Deceased njacrophage activities ifttliiding TKF-o; 
atid nitric oxide productions seen in ti)is ,s!udy may help to 
explain Lhe effect of C!.,A in prolonging stn-vival of NZBAV 
Fi mice. 

li) conclijsioi), these data suggest that cytokine regtila- 
tion by CLA could be responsible for previous reports detri- 
onstrating CIJk\ anticachectic effects, increa.sed iytnpho- 
cyte hlastogenesis, decreased immune type- 1 hypersensitiv- 
ity, decreased IgE prodttction, and prolonged iife post 
jjroteinuria in the KZBM' Fi autoimmune niouse. 
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Abstract 

!(■)!, iic-C L \ v.as vliown !o jniiibil c>iire4,$k)n thnnigh ihs Kb ^B pathw,!; in !he i-UTent .txsds, connigatssi non.uJeoJiji^nujc aciu 

{Ct<\t w.\s, 'ihov.ii In <;eou,->^e uidiiciHc: COX 2 pKikm and mRNA And T'GL^ reJeAsf to Ihe sm^ito i^Kieni .ji iOi, }:i--U A m Pii\N264 " 
ii^aCTAphaye tlow-e\er, luiiii'e MM. i^c-CLA jjihihitum of I'OX 2 mRNA protem b\ CK'X wis ind.epeP'knt ot the NT-' R p.ilhivay The d." i 
jjidiuiie ihi: K-gtiiitiun of COX--; t". >e!ec) cufju^vitci: fafty acid and hetii iheif atiti milamm.slor) action" coiild {inmtf th;uiig.h I'jfferent s^fgna] 
tTajisduction pathways. 
« 2&0ci Elsevtet B.V. A!5 nghts rejcn-ed. 



Conjugated iincjJetc ju:ki (Ci. A) has been sh(5\vn tcs prevent 
adverse sv<;!)ts assoaatecl with inftattirtmtory djseas.efs. In iiniiTia} 
feeding tviah, CLA (mixec! isotFiere of 9c, Ih ajid iOt, 12c- 
CLA) was showt) lo decrease Irnmiine-induccd wasting 
to deu-cysc inilammytory tncciiaior rcleasf frorti atrtigcii 
ctijiJletigcd aiiway [4,5], to itictejisc longevity it) a lupus 



Abbixwiiami.t: CLA, conjugated iinotaic aciti; fJOX-2, cyc!ooxYgej>isse-2.; 
CAN, cOiijug.a;e<i nonadecadienoic ^eid; DMfiM,Dutbeco7's Modified Kjgle s 
Mt'-dkun, tUA, cnjq-me i:nn)uimJ-',Sij\': i-RK. i:xtrjcetiu!su sig;i3i-;eia',«d kina-.e; 

fcial bovine strum: G.^PJJit, glv-citniddiydfe-.l-piiosphatc deliydi-ogsna^s; 
JnB(.i. Inhibfion' i-B prolviii «. IKfC. inh(hitor-KB ivtfi;isc; JNK, C-jiui N'H2- 
tenixina! kinase; lA, Itnoteic- acid; JJ'S. iipopotysaecliarids; MAPK, jnitogen- 
iictnatcd protein kinast: NF-sB, Nucisar fstsor kB; PGf:7, pnsstiiglitndifi t-;: 
{'Vi>f', potyvinylidcae diflxionde; KIPA. wd)Ojjnniunop:icc)piial!on ;iL,s;iy; TMR 

* Corteiiponding atitbor. /Vninia! St knces Clepannien!. Ufiivi.T!iity of Wis- 
cc-nsin-MjiJtso!!, 1675. Obsoi^iiWry Or., Mudiijon, Wl ^VQd. USA. Toi : +i 
77'n; +1 60S 2W 5iS7. 

1388-1981/$ - see fiwrit nmtsf © 2006 Etsevicr B.V. All rights leserveA 

doi; i 0, ! t> f f>/5, bba! ip. 2(M. 07. fi .1 4 



er>'ihsiraios.tis tTiode! [6,'7 j, arsti Eo decreti.se rnuco.'jal thieketiiiitj,' 
erosions jn a modcii ofcolittfi |<HJ, and to tiecrease joint :->\vel]f!)g 
it) a moTiOclonat atitibtjdy-inciucwi arthritin (F-iut^ and C-ook, 
unpubiishcd datit). Regulation of cyctocxygBnase-2 (COX-2) 
(5,9j, tumor necro.sis factor alpha CrNF) [3,!0], and indticibk; 
nitnc oxide synihaKc [iO] by C-LA Sii}ggc.st that CLA may play a 
key ri)lc iti inhibiting the nuclei)! fiictor ktjppa B !NF-kB) 
at:tivalion. Recent ovicience it) iminune related cells tind ti'i.sues 
suggested thai C'LA-induced dos'm regulation oi'COX-2 protein 
and TTiRNA level ii^ay bt, related to an upsi\eait) regulation of 
sigital transtiutuon thr^)ijg!) the MF-kB pathway [9], The isotitcr 
showt! ttj tijhibit the pSO and p6S .subuttits btodiag to DNA was 
lOt, ]2o-CLA, 

Siit.ict;)re''futtettoii studies on C!..A ct)gi)atBK atid denvatives 
[llj sliowed tiiat a !9-eatbof! CLA cogtsate, conjugated 
nonadecadienoic acid {98.6% CN.'A, wiih 10c, i2t-CNA, 
42.3%; Jit, Bc-CMA, 48.0%; 10c, i2c-CNA and Dc, 33e- 
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CNA .).2%; !0t, iSi-CNA and Mt, Ji^t-CNA 5.]%, and un- 
identified \A%. see reference \1 for [he KyritKeslM of CNA), 
w;is iit [eii.st as effcxtive as CLA in re^pilafitjc fat tnetatxsHKin 
in 3T3-f. ) adipocytes or growing mice [\2\. Both the iOi, 
12C-CLA ;m(i CNA were shown lo si!Rii;icly reduce lepJin 
secretion [131, atid tije rnR>;A and protein level of select 
adipocytu genes in .TO-L5 adijxioytcs jl4), In C'iJi coniinued 
studies on the mechanising by which CLA reguiutes: COX-?., 
we iiivcstigatcit whether ilic new CLA ccignate, C'NA, also 
inhibits COX-2 by a yimiiar mechar.isni lo'lOi, 12c-CLA. 

We firsi examined whether CNA could itihibi! Lf-'S-incitjced 
COX-2 proicin expression. R;iw26'1,7 rn;icrophagc sviis itieu- 
biJteci wilh fatly acidK for 24 \\ aticl then siitnuiatetJ wiih LPS 
nOO ng'inl) for 8 h in tlic presence of LA, iOt, 12c-CLA or 
CNA (0, 3.3, 10, 33 imd 100 fiM). COX-2 was not ijiduced 
without LPSstirautalicjn. COX-2 protein level was signifieatitly 
inhibited by OKA ai 33 \A\ and 100 |.tM {77.S% atiJ 5^.VA> of 
LPS-stiiriulat«d ethanol vehicle treated cells respeetiveiy, Fig. 
!A, ethanol <0.2%1 .Simjliirty, COX-?, protein level was also 
reduced by l(n, !2c-CLA at \>M and 100 jiM to 46.7"/> ;md 
26.4% of LPS-stimuiated eetls (ethanol vehicle-tresied only, 
Pig. lA). tOi, i2c-Cl..A was more potent in tediicitig COX-2 
protein expressioti contpared with CM.A i^Ftg, I A). Since CNA 
only contains 48% Jit, 13c iKonser (the hypothesized active 
iscimer) in the rni.xture (the eorresptjnditig isomer of !0t, 12c- 
C\. !\ in CNA\ lOt, i 2c-CI...A and CNA appear equully effective 
iU inhibiting COX-2 protein level. 

POBj release from inaoK'phage waj; also measurc<! to 
.support lOt, !2e-CLA and CNA's inhib!toi>' effects on COX- 
1 prcsk'iii level. Basal release of PGE; frotn nsacrophage was 
■-]A tig/rng protein (witbotit LPS ey.posure). CNA and 30t, 
!3e-CLA were both shown t() inhibit PGE; release in a 
eoneeniratiori-dcpendeni tnanner. At 100 i.tM, PGEj level iti 
CNA arid 3 0t, 12c-CLA-ttx;afed satnplc was ivduced from 
20.0 ng'tng ptx.'iein (LFS iiiiTailated/elhytio! vehicle -treated 
otity) to .5.43 ng./(n5i and .'5.15 ng/n)g (Fig. IBV That both CNA 
and lOt, t 2c-{;':LA were shcjwn to inhibil POE: release at their 
lowest eoTiceniratioTiS suggests these tsortjcr? !50t only reduce 
protein expression biit tnay also itihibit (."OX ens^ymattc actiYit>\ 
as previously shown wilh !0t, i2e-CLA [9j. LA, as aptecursor 
of AA, was shoNvn to increase FGE; release into the ctilture 
media in a eoncetsttatioti-dependeai rnaniiec [9j. POEj i'eiea,'!e in 
LA -treated tnacrophagcs at 100 j-tM was 31.9 ngmig protein 
{Fig. 1.8). 

We frirthcr exasnined whether reduced COX-2 protein level 
by conjugated Eaity acids coiild be due to the reduced niRNA 
level Ra^v2^4.7 tijacrophage was incubaied with cotijugaied 
fatry acids for 24 h atid U:icn was sdrnuiated with LPS for 4 h in 
the presetjce of LA, 3 Of, I2c-CLA or Cls'A. Il was .shown tliat 
CNA tedoecd uiRNA level signiftcanily at 10 ,uM, 33 iiM, atid 
K)0 !.tM (by 48,9% ai J 00 itM) while lOt, 32c-CLA reduced 
COX-2 mRNA at 100 fiM by 23,6% {Fig 2}, LA was shown to 
have no elTect on COX-2 mKNA level (Fig. 2). We have 
previously showri diflerential regulation of ifif, t2c-CLA on 
COX-2 niRNA mvi prottjin le\'er[9j, 

One padnvay leading to the tnmscription ofCOXJ after LPS 
stimulatton involves Jhe :ictivation of the NF-kB via toll like 




^4- we!! ptaie and were grown to confluence, L.A., ] Ot, 1 3c-CLA and CN.A, {0, 3..^ , 
iO, 33, tCK> wore: iseubatcti wiifi celts for 24 b before and during i,PS 
ft 00 fjg/mf I Mimufation im'ih (see reference 9), Ce!! lysate and euttura nwiJiujw 
weiis i>ar\'ested tbv western bfot an,ii;rsjs of COX ■? t.A.) .mti t'CE; aetm)U,MStion 
by enxy)«s in-mtunoassay (BJA, B), for westerj) b!e!t, the total protein iwel in die 
ceil ty$j-e wa^, {|uaHtit<r;eti wiiti firiiitout assay (Biorad Uiliovatori«s. tkn-,iiles. 
CAl \i2'\ Olid 2? i^e protein )v:r ia;je ■was loaded i-jnto a 1 0% SDS-fK-jlyacrylaniide 
gel and itsoiveiJ !iy efecfrophofeMS. f'.roiein'i on the gsl were v,-ansforj«d to 
polvMnylirfsne di.t5Honds (PTOF ) rnfimbrano. Alter you-spo^ifie biocfdu^ in 5% 
non-J":i! milk solution, tlw mMiibr.me ii'ss incuba'iki wiiLi prirjiarj- COX-2, or 
GjPDH iiiitibfjily, tjjcn a scr.oiiiimy ijotscimdiiii pcroxidiise-tvjupli^ ariiibody 
betbiT; fjemg exposed to Fii.ii jjjefJioai X-ray film, itj pa;jel A, ratio of C.'0X-2.' 
Gii'DH was obtained by .iiirrrt.ali^mg the lia;jd ;)/&■! of COX-? ',o cotrfspondiiig 
t>3ad area .jf G'U>1">H. CN.'^. was s/nihesi^eil by l>r, Kra Ku (fie f-ood a.'id 
finjg AdjJiijjistrJtioa, U,SA, Thi Cfj.wpositfoti of CNA tOi", 1 2i-CNA. 
Ht, !3c;-CNA. 4S,0%; !0e, Uc-CNAaisd lie, 13c-Cm3,2%; Utt, 12t.CNA 
and Hi, J3!-CNA S.t%; i»<J vmideaSificd 1.4%. iOt, 12e-CLA (>9S%) and 
La wore p.xin;hi!.cd &otH Mafrcya, Lnc.f Pleasant Gup, PAi. COK-1 

atit.ijody aitJ PCH.- EL\ kili wsri: liom Cis-nian ChciwcjJ (/Vnn Arbor. U\) 
and CiSPDii antibody ws fro» 'irevigen (Gaitttersburg. MtJ). These 
Kxpfriniertuit iTsuli-: vvtrc repwtatiie iti ai feFBt iwo indef ende;i'. experiments, 
l.idtii arc (no'icnted ;is l^ltan^> Sf) frotn four rcptiojiv,': of one repreisnldtivc 
exjieriment. SA.^ piticedutB fjl^M svas used to do tjie nmitiple regres-ifons, /-' 



Fif . ; HBt-f^t of CNA an LPS-'inchK^-ii COX-2 WKNA level m RawiW.'/ 
jmcroptiage. ! x SO* colts were setsdec! in each we!! of a 24-»stl pltife and were 
gjowii to cfinfiuence. I A, ■ Oi, 5 3c-C!.A and CNA at (i(ffere«! ft-jnceiiirations (fJ, 
.■i,3, 30, ll, 100 M^?) were incubated wi& celts for 2-1 h befcre and during LPS 
('too !ig/nit) siimuliitiofi for 4 h. mRNA isotatifiri, roveree trartscription and 
polj^nerase chain reacdon were conducted as piisviotisly ttascribetJ (see 
refs«rice 9). Biiefty, Raw264.7 iiracropiiag« was tys«d in 100 til tysis buffer 
solution (4 M guanidiuffl isothKicvauata, (),S% sarcosvt, 10 tnM 'Ins- HCi, plf 
S,O at)d f %ttahioth!-eito!) arid DNA was sheared by passing cef! tyaate ihrough a 
25 gauge jiealte. Bindifig buffer 2(XI nUiQ nM Ws-HCi, pf 1 8.0, 1 mM EDTA 
;ind 400 ii'iM NaCfj vjas aJdtti for mRNA to ooiribini; magticlic piutieics. 
Su5}en!aiJi>ls frfjtji uie above sctuiion were iucubalcii wiih Hijigetij.h! o!igo{dT J 
iriagnelic pArtick'i fo; at Isiist S jJiiji Tlie partictcs wctc 'jxcn wrtsijicd jor 4 iuiw? 
wL% wash buffer (150 uiM NaCi, {0 mM Ins-HCi, pH 8,0 aud J mM BfJi'A) 
and ttjo associated mRNA wiirc riiisai oQ" beads with 10 ^li ctaiori buffer 
(2 iTLM EDTA) Jiotated mRNA ('2 ,ii ) wa^ i^vewe-iianscriberi in the inaitcr iihk 
{fsafitioji butTfiT 7.0 rwdom primer iOO ! nl, dfm SO mU 0.4 nl, 
rtvi^r.u- tra.'isv.-npta'ie 0.2 n\ and HjQ filt Pr,! yofcrah'c eiiain r.-steiion was 
u.ifd t(j arripliiy t.;.ie i/ifiii'idua! gctie using n-sper.!iv'(? prSilicrs. C'jiyci;ra!ddi.ydc -J- 
phospiiate fJehyrinjgfiiiabe (G.iPDH) gsne was aatplitlid as iriiera;il coalnoi. 'i"he 
respettiv.; priiTwr.s as^v COX-?, upstraanv. .^'-CAA-GCA-OTG-GCA-AGCi- 
arV-CCA-y and rlfurastream y-iiCC-ACy- i\'iC-A(T-GA'[-CrCi r-CrGC-".i'. 
amm upsiredtiv i-0<;C-,Ai"f:-CiC-GG(":-'fAC-ACT-GA-'5 arid down-.tmun: 
.^-OAV-ACC-AGG-AAA- iTA-GCr- fGA-C.^. Ratio of COX-2.''03i'J.>!i war, 
fibtained by nomj.itt^iiii'. OOX-2 ;iili.NA with i-,mres!.x>nding niRN.A 
le^e! H' cxp 'im i il cjvui'-, t iTt refjt,V.abic m a Ld'< stj j jt. 
iixperiiii raits Data weje prs^eiiteil a,', mfa;isi:SD fj^m 4 r^phnater, of \im 
iixpeii'.iwiit. SAS pv!)Uxiuw GiM Wi-ss use'! to do ihe tnuttipic regtessions. P 
v;-ilmv.O.O? was cfMsidfrfd statisticaiiy si^iiillcatit. 

receptot-4. NF-'-kB is a tnin^cnptioti facUii which iroti.'ii.sts (if 
heterodimer or homodin-ier of"p50, t)65, p\{)5, p52, c-Re! qt 
RetB, Upon stimui;!t;!ori by LPS, orTNF, the tnhibitorv' proteins 
Ih-Bf'., or IkBc) [iwociated wiih the NF-k8 becotiie 
pho.sphory!al:eij and degraded in a ubiquirui-proteasotne-dejx'n- 
dent pathwjjy jJ.S,i6]. To exasnine wheiber rcciuced mRNA by 
CNA was due to the inhibition of the NF-tcB pathwisy, Raw:;64.7 
mticrophagui; were treated with iatty uvuh for 24 h and then LPS 
was introdtjced for 4 h in the prt;si;ncc of fatty aeids. LPS 
increased IkBw ph<iKphi>rylatiori as shi)wn previousiy [9]. CHA 
was shown to have tkj fificct on JkBcs. phoKphoryiiition whiic 
10!., K!c-C!..A irjhibited the IkBw pbosphorylauors in a 
eonccniraijon-depctidutjt mtinner {Fig- 3). Likewist;, LA had 
iKi effect on It;BcjL phosphoryiation. Consistent with tiie effect of 
CNA, LA atK! iOi, J2c-CLA oa \KBa phospbo.r>'lation, the 
increased binding of two NT-tsB proteins (p50 tuici p6S) to the 
iDNA cofiKcnsuK sites folSowitig 1..PS (ixposure was not affected 
by C.NA and LA, but wa.s stjhibited by lOt, i2c--CLA in a 
for icentrasion-dependent majvr ler (Ta[)ie j ). 



Fig, 3. Effects of CNA on phosptoryiation oflKBa ia Saw 26-17 macrophage, 
i X so* ceils were seeded in each well of a 24-wcil plate and were grown to 
conilueiw LA. tOt. i:'.-CLA (50 and 100 iiM) ^wd CNA -Q, mid 
100 tiMi wore inwbatcd wtib ceiis for 24 h before aad dutiag LPS i 1000 ng/w! ) 
sJirnuisiion for 4 h- Cdi lymic was Jiisrv-esicd for ivcsiem tijoi anaiysis of 
pbosfiui'rtlaicd fK8« attJ fi-uv'tm. 'Yhc bjnJ ;iiv:a of pJiospi)or>'iaicd IxBo was 
nonnaiwcJ lo conetponding band iir^'a of ii-actin % Positive Confro)- 
(aomjaiiicd phosphoryiatcd IkBoi area in eshanoi vvhieic or ta-lty acids treated 
s.'unples'uonnaliied piio^p'notylaSsd h-Ba anra m cib;tr)o! virhitti; and LPS 
treaieJ sainplesj iOO. Data are presented a;; inaans i:SU from iburrcphcates of 
one experiaient. .Student's /-test i^as conductetl for the stattstica! comparisnri 
between fait>' aeidi, Lf'S troatcfj sampte;. and eEhanoi vefiicjc, Li'S treated 
.samples P vatue<0.05 was crinsidetisd statistically sii;r,ificant. 



Tiiese data suggest that CN.A tegulaies COX-?, by at) NF-kB 
independent process and lOt, 12c-CLA rnay itihibii other 
sigtiiiling pathwayts) in addittoti to the NF-kB paihway. li is 
weii ktjtiwn lhaf stimuttitton of tnacrcsphagc by LPS ala) 
involves aei.ivation of mitogerj-tictivated protein kinase (MAPK) 
in addition lo the NF-kB pathway !!7 -!91. MAPK fainiiy 
etjittpnses of the c.idiac.eiitilar signal -rciatai kinase (i-lRK.) 1/2, 
p.^8 iNlAP kimjse and c-jut) NH2-ierrairia! kina.sc (JNK.). 
Jninbitioti ol individual MAPK. was sho\s'n to inhibit dosvn- 
strcam prtj-inflaintnaiOTy cvi.okitio procluction. SB2{)2190, a 
selective inhibitor of p3S MAPK, inhibited LPS-ittdtjced !L-]pi 
and TNF in monocytes [ I LP.S-inditced COX-2 mRNA level 
and PGF; release in Raw264.7 macrophage without inhibiting 
the NF-i^B activity i^O]. Another M.APK' inhibitor, .?D98{i59 



pSO 



[ifi.^ 



Vehicle 0.3S4± 0.094{cj 0.3S.?i0.06(d) 

Vehicle+LPS 0,72S±0.099{a. b} O.tiSSiO.nfa) 

t^+LPS 50 pM 0,tiS9±0.Li(a, b! 0,.599±0,05{a, b} 

! Ot,! 2-CLA ^- LPS SO pM O.SSfj± a07{b, Cf 0,440 ±0,06{b, c, d) 
CNA+LPS 50 nM 0.£ifj4±0,0S{3. b} 0,S75±0.09{a, b) 

LA i-LPS iOOpM 0.7!2*O.0S(a, b) 0,6!5i0.20{a} 

I0t,J2c-CLA-i-LPS JOOpM 0,S4S±0.07{b, c) 0,401 ±:0,02{c, d) 
CNA -I- LI 'S 100 pM 0 8.^7* 0.3-1{a) OS^ht Q.Qyu. b, C) 

! « • 0^ cells we.'e needed in each weli of ft 24-p)a!e and weie gniwn to 
conJIueiJOiv LA, lOt, \2c-C\.A ;s;id CNA at 50 or 100 pM wsro ineubaJed with 
Cftils lor 24 h bdbrt a.iri during LPS { iOOO tig/nil) sliuuilatiou ibr4 ii Ceii lysats 
was harvested for the deteraiinaiioit of p50 and p6S binding aew-ii:i.iing to kit 
initroctions (Atfiw Motii", CatisbatJ, CA ) Daui ,r.e pre.se;i[e.fj mea.iss SD 
fixim Rau riTpliitates oi" one e>:perinww fJata were anaty^ed by firie-nay 
ANGVA. Within each .W'-kB subanit {pSO or ptSS) means without a comuion 
tetter in pansnthews are statisiicaffy diffeient (P value -'0 05; 
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v/as also shown to inliibii f OX-2 inRNA and PGE; release 
independeni of the NF-kB [20]. Potentiaiiy, inhibitoiy tjffects of 
CNA and iOi, 3 2c-CLA on LPS-induced COX-2 mRNA 
expression couid be attributed to fije inhibition of MAi'K,' 
ERK/TNK [)aShways, a hypothesis supported by a reosnt report 
n!"CLA\s !nhtbttor>' effects on MAl'K in osteoda<.'f [:?;]. 
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ELSEViER 



Abstract 

{;!()njugate(i Jmoleic acici {CI..A> reduces body fal m by intiibitiaj; the. activity of iicfjarin-ieieafiabte lipoprotein lipase (HR- LPL) 
activity in adi!>c>cytes. an eflect that is induceit by tlie nuns-Wxii-VZ CLA i^oraer. in this sfuciy v,e i-sed a series of couipounds tliat are 
stiuctiiriiiiy reiafec! to C1..A (i.e., CLA mgi)&U'.A) to investigate the structoral bii.'iis for tisis pht'tJotJisfKni, N<>!)e of the 1 8: 1 C^LA cognates that 
were tesited, nor ;ram-9..cti- i'.l 18:2, c'«"12-octadece!)-It>y!K>ic iicid t'f U- U' -(tr i>entYi)phenY!)- J.O-uiiilccykiiic acid (desig- 

nated P"iU5), exhibited any Siigtiificam efteci on HR-LPl, ;icf,ivity Among ttie CLA derivatives (aScohot, ajitidt!, and cWoride) thut w.sre 
teste 1, OJiij the ^kohol kum ifiii[hu;d Uli LPL .ictivitv viUfiiXigh t" a bsser extent than <XA itself. In aiiditioti, itilnicefluhir TO was 
ix^duasd only by trans-XOxu-'il CLA. ami ihe aicoiioi i'onn of CLA. Hsrsce it appears, tliat tliA t>rms-l0.cis-\2 conjugatetf dotihfe hood in 
conjimctiori with a L-arboxvi group at C-1 is recjuire.d tor tninbitiori of HR-LPL activity, and that an alcohol group carx paitiaily .sut>Kiinite 
for the ciirboxyl group. We alsvt studied glycero! release from the celh, observittg that this was enhanoeti by t.ratis-lQ 18:1, trfins-ld 18:U 
18: 1 , cix-l'i 1 S: I. P-riO but was JUiiuced by t-<>-9 1 Sir ! , the alcohof and amide forstis of CLA or lOy.c/.s- i 2. Accordingiy the strucfiiral 
feature or features involved in regulating Sipolysiis appear to be more compk-x. Despite exihancitti^ lipolysis in culttired Jl'J-Ll adipocytes, 
trafu-iO IS; J did not rednce body fat gaits when fed lo mice, 200+ EtKevter I-jc, All rights reserved. 

K>jw,»dv C'.jnjugaEfid iinoleit acid; a.A; J..ip(!pro!eiR lipase; 3T3-LU di-9: tra.'L-:- U Cl.A; !r(ifv:-\0\ cL^-n CLA 



L .futrodiictkm 

In the last decade, conjugassd iitiokic atjd (CLA ) has been 
stiidiecl itileiisiveiy because of its unostjul biological activities 
i I j. One of the most ititeiesttng aspects of CLA is its abiiity to 
reduce body fttt while increiising lean b(>6y mass [21. As pait of 
t!)e niechantsni tbr thes<i activiiies, it lias bceti suggested that 
C,Ly\ adduces heparin-reieasabie Itpoproteiii lipase (MR-LPL) 
activity in adip(x;yte.s, and in fact tiiis has been demonsttBted in 
3T3-Li adipticyrc cell culture tiiodel [2J. CLA also aihauces 
fatty acid /3-oxidat.ioti iti mtiscle, wliich indicates it)ct^;ased use 
of fai as an energy sounre [21. Ss.Ttcc CIA is a mixture of 
isotners, it is of ititerest to detertnine which isotner is respDii- 
.sibk' for iriese biologicai act3vjtie;s. Previously we showed that 
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tiic ira/is-liXcis-l2 komd of CLA (otie of two major isomers 
pre^sent it) syitttietically prepared Ci^) is responsible for its 
reduction in body fat. and for itihihttion of HR-LPL artivity in 
3T3- Li adipcjcyte-s {3]. Tlus isomer is also res}X)iisible for the 
inbibttioii of .ste^jroyl-CoA desatina.se (SCD) [-1], and adducing 
apolipoproteii) B (apo B; .secretion in cultured HepG2 cells 15]. 
Tfius it is of interest vvhetlier tfiis CLA isomer may ;ilso be 
.solely responsible for ininbition of Hfi-LPL activity. To deter- 
niitie the key shucfuiai feature of tram-liXcis-ll CLA, we 
tested fatty acids tltat fare strticttiraily related fo iratis-l(),ds-l2 
CLA using 3T3-Li adipocytes. We also tested these com- 
pouiids on. glycerol release and ititracellular triacyiglyceride 
(TO) to estiniate li|X)lysi.s and total fai deposit, respectively. In 
adfMon. since previous findings indicate tftat a irans-lQ dou- 
ble bond is a key striicti-tre for inhibitbig apo B secretioti in 
.HepG-2 ceils [5], we tested tmrn-lO lS;i oei body composi- 
tioiiai chaj^ges co^iparcd to imm-K.^cis-M CLA. 
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2. Methods and materiats 

2. /. Maleriais 

Tnoiein, [9,10- 'H (N)] nioiein (qx'.ditc activity 12 €.\j 
rnmol) was obtamec! irom American Radiohibeled Chemi- 
cals IncorporaiioEj ($?, Louis, MO) atiti f 1-^'*C.] Imoleic acid 
{.specific activity 55 mCi/mjnol) Wtis obtained from Amer- 
sham Life Science (Arlington Heights, n..\ Tr;i-Ll preadi- 
|X>cytes were pinchased from American Type Cuitnre Col- 
itxtion (Rockviile, MD^ nans-^^ch-Vl oct3<!ec3dieno3c 
acid (31.7%), cis-l2 ocS:kdecetX!ic adti (9ZA%\ trans-U) 
octiidecenoic acid (89,9% for cell culture and ii5.Vk for 
anirnjd feeding study), ii-(2'-(n-peu(y])phetiyr!-H>-unde- 
cylenic add (P-tlO, 95%, E:Z about t!^). /m/w-lO.aViZ/ 
i?w-9jrart.?-n-octadetadien-I-ol (Cl.A-AJc, 95%), imns- 
lO,dsA2/dS'9,[rans- 1 1 -octadecadieoamkle (CLA-aniide, 
95%), i-chlorO'fraw- i0,cw-12-octadecadic!ie (CLA-Ci, 
9S%K and ci.s-12-oc.tade.cen-lO-ynoic acid ( 10y,d.?-12, 
94.5%) were prepared by chesnicaJ synthesis by Dr. Sih and 
colleagues, at the De.part.nient of Pharmacy, University of 
Wisconsin-Madison, CLA was prepared as described [6'|; 
the composition of CLA was 45.7% d.y-9,/ra?j.s-i i, 47.6% 
trans-U\ds42. 1.71% mmv.fmnj, 3.(>4% other isomer. In 
addition, ci.'.--9,^/««^-.i 1 (96.3%.-, 2.6% trans,imm- isomer, 
and 1.0S% o!tier.s) and lnjns-9Jnins-il nOa%) CLA were 
purchased from Matreya fnc. (Pleasant Gap, PA). Natural 
Lipids (liovdebygda, NoI^^■ay) kindly provided imm- 

10. d,s--12 CLA {92.8% irans-{o,cisA2, l.(yi% dS'9jrmS' 

11, 1,16% tfmis,irans. and 1.64% othei-s). We purchased 
dS'W (99%), and fm/w~10 (99%) heptadecenoic acid and 
cis~lO (99%), and iram~lO (99%) nonadecenoic acid Ironi 
Nu -Click Prep Corporation (Eiy.sian, MN), and purchased 
rra/i^-9 (100%), Irans-ll (iO0%). tmns-n (100%), 
trafis-U (H.>0%), ds-9 (99%), ds-ll (10(!%.s aiid d^-V} 
(10fi%) octadecenoic acids from Sigrna Chemical Co. (.St, 
Louis, MO), Purity wa,s checked by ga,s chromatography 
using a Hewlett-Packard 589(j .series IT chrotnatograph 
(Hewlett-Packard, Andover, M.A,) fitted with a tlatne ion- 
ization detector and 3396A integrator. A Supelcowax-lO 
fussed silicti capillary colutnn (60 in X 0.32 nun, inner 
diameter hint tiiickness 0,25 ix.m) was used and oven tem- 
perature was programmed from 50" to 59(!"C, increased 
20"C/min, held for 40 minute,s, increased iO'^C/min to 
220=C, and held for 20 mimites, 

2.2, Cell culture 

ilic Vr^-Ll pn-xtdtpocytei ^vctc cuitmetl as desv-n!->ed J] 
Bneil}, LI picadjpocvtes weie grown to C(.>nflucnce at 
r"-C m D!iU)c^.co\ m<xi)f)ed Lagle » inedtuni fUMLM) con- 
tatnni^, lO*'"! ietal bovine senim {bBS) At 2 days post^^ontlu 
encc (de^i^nated div !'\ toll dsfterentranon \\a^ induced with 
a tuixtutv ot ixteth^hsobntylKanthm {0 S mmi^M dex;afneih 
tiNone (0 25 pmnl/l > and ia>uiui (1 /jg/niL) in ftNiLM con- 
t,unmg iO'/' t'BS On day 1 ihts medium was rc'pl,sced with 



metiiurn. coriiaining 10% FBS and insulin onty. On day 4 and 
tl-iereafter the medium consisted of DMEM plus 10% fUS 
only; tht,s medium wa.s subsequently replaced with fre,sh me- 
dium at 2-day inierv'sk. Fatty acid-albumrn complexes were 
prepared as descriix-^d [2] and added to cuittire media for 4^ 
hours tU day (\ trnd cells were harvested at day Fijsal 
a^tnct^ntrations of fatly acids are mdicated in ettcii figure leg- 
end. All dishes including control harl ti final concentration of 
100 /Ainoi/L albumin. For the experimei)ts with CLA deriva- 
iives, test cotnpotmds as well a,s CLA were di,s,solved in etha- 
t»:il, Iti iiie.se experiments, cotitrol at)d treatment dishe,s all 
contained tiie saiite c<>iicen£ration of albumin (with no fatty 
acid) and ethanol (fm^il concentration of 0.3%). At hars'est, 
niediutn wai collected-, centrifuged to remove ceil debris, ami 
used for glycerol rele^'ise analysis. Cells were tlien washed 
three times with phosphate buffeted sa3.ine (PBS) and incu- 
bated with heparin coniatning DMFM ( 1 0 U/ml.) for 1 hotir, 
and the media was used for defemiintng H,R-LPL acti%'iiy. 
Subsequently, cells were washed thre« times with PBS, 
scraped, £u5d sothcated to give homogenjous saniplas for JQ 
determination. LPL activity (EC 3.1.L34) was measured as 
described Brietly, concentrated substrate was prepared by 
combinitjg .'5(X) mg triolein, 18 mg leciGiin, and 2(X) jjd.. of f.'^Hl 
triolein in 5 mL glycerol and homogenizing. Fre.sh assay sub- 
strate was prepared by mixing 1 pait concentrated st)tetrate, 4 
pms 0-2 imM. Tri.s,'7-lCl (pH S.O) with 3%' bi>vine semm 
albumin, and } part heat inactivated fasled rat serum, line 
reaction was started by adding iOO p.L of stimpies to the same 
volume of assay substrate. Alter incubati.ng at 37"C for 15 
minutes, the asstty was stoppc^d by adding 3,25 tnL ixiethano!: 
ch1orofoai):heptane solution (1.41:1.25:1). .SubsequentJy, 1.05 
ml, 0. 1 nioS/f., pota.s.siui3i carbonate/lxiraie baffer (pH 10.5> 
was added, aid the atbes were siiaken \ igorousiy and centri- 
fuged at 300(.} tpm for 20 minutes, A 200-jtrL quantity of the 
upper layer svas used for radioactivity count, Nonreacted assay 
,^ubstrate was also usetl to get total count from e^sch experi- 
ment. Recovers' of free fatty acid was estimated at 71% using 
i/''C| iiaoleic acid. 

Free and esreritied glycerol svere determined in the me- 
dium ttnd ceil .sonicates using a Sigma Diagnostic Kit (GK> 
Trinder, St. Louis, MO), This kit used a Iwo-step pr'Xess; 
free glycerol was measured without lipa,se, then lipase was 
added to hydrolyse esterified glycerol. The difference be- 
tween the amounts of free and total glycerol i.s esteriiied 
glycerol, ftotetn was <ielermined in LPL and TG samples 
using Bio-Rad DC Protein assay kit (Hercules, CA). 

3 ? Ammul ^iudic^ w«.7 hi>ii\ (.ompo^nu n tinuh^a 

Male retried breedci TCR mac and scmiputtftrd diet 
niH)4<>f)0, 9<J'; basal mi\t wcje ptjrchased from H«ilan 
Spjague l)a\%ky .md liarlan iVkiad (Madison, Wlk rcspcc- 
tuely ihe diet was composed as tfillows (mgiedicrjt g'Lg) 
jucrose, 4''6. casetn, \ttamtn Iree test, 250, com star<.h, 
i^O. llL-methtomne, 3, conj od 55, cellulose. 'iO tutneral 
mtK, Af\-76, J5, \itamtn niix, AIM-"6A, 1^^, calcmm tar 
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iL tj on boiJv vott'piiv f 



^awof ^ ■> !2,f Mt^^ 59.:v■^•!•. 1,2 20 .S3--' -v 0.t;2 

t[. SI 404 Li'' ) -0 ;j7.9'' .f. l.J !9.74"±0.4f 



rw'ntN .jule mired h;(<<ft'- fCR miL-i. i , J ) cf jv xj pt^stKin ^itu>ivi tiace were i-andomW sepiniitefj into tee groups anci fed cwmof diet, 

supptmo'iSPO i<.,ai 0 v. u,^i-, K. !•> \ ^ C\ \ (.ti'l.cP i^i -X) or A\a s ij>pkmsiUt^ v,itJi 0.27-OJ?J% Seims-'Ss ociadficenoic ackt (U<;~lS:i i for i 
sv>(.>'; Nurt boiNA'-i: mt\in SL<c - Mcj-is vMtJi (!j)ti.KHt nip' r^i p'"! Jetf^f- m -iaoh column ari; Mgfti^r.fltitly rfifferent ai < 0.05. CL.A = conjugated 
j!m>le« ■I'-i'S tnpiN MKi-- neigM 



boii-ite 4 cholmt bifarS ^tt 2, ird v-tl!i>-'\q«m, 0 1 The 
nmitfiil I "'^ 'AIN 7(3) \sas <.< >mpo<«cd as foiJowa tmi.'r<;<h 
^nt giV-t) Ciiluum phosphate tdibasK; 500, potassium ci 
tiati (monoindratei, 220 sodium diioade 4 pouJSMum 
-liUate 52 ni.igntsUJm o\it.k 24, fern c citrate, f) 0 ma»- 
^'.jnoub lidibonate, ^ 7it\c carbotiatt ! f> oupnc carhon 
itf, 0 ciiiornium putassnim sulKift., 0 poussDmi a 
ihtc 0 01 sodium ,eicnue 0 01. and ^ucru^c, li?, Tlio 
vitamin t VIN ''>b\\ was ooiiipo'-ed as loilows (jsyrc- 
u«:'it, Vg; tinaram Ht. t (Hx nboHiixm, 0 6 pvrulosino 
Hri> {j 7, inacm, 3 0, calciutu pant' ithcn^tie, 1 o, toli;, ac d. 
0 2 biotui 0 02. \ ttamin B sO i •■'i rr tuiatjon in m£Lnnit»>i\ 
J 0 di) ^lutiiifi A p.(1mitafcM'ifH)"00l''!2) H dn vjtamm 
H acetate t,500 I'/oj 10 (t, nsmm I),, tnluratjon i40i),iJO0 
\ ig). 0 2'> rneriafiione '■odium bisuMut <..ompie\. i^H, and 
^iwcrose. 981.08. 

SisppKmertaJ C'l.A (5 tv'kg) was added to diet.s a) the 
expense at cont od. Diet was slored at --20T until use. 
Mico >',<:re hotJ^d mdividtjally its wire-bottomed cages in a 
wmdcjwl^s^ rtH^-iju witfi a {2-h light-d^ut cycle iii strict 
avcotdance With giiideimes established by the Re.search 
Animal Re~i>im'cs C\nter ol Hn)V(,tsit\ of Wisconsin - 
Madison Dtet and water, a\,i[^ab)e ad hliitum, weie freshly 
piovidfj ihiee tJiiie^ pcj Wfck 'Vfter a adapiaUon 
iXiiod, iniCv, \^t:re randumi\ sep^irAted jnto group.s and fed 
i^OTitTol diet, diet biippietnenttfd with frans-\()-cis-\l C:LA 
iXST^%\ or diet supptt mented with tfati^ 10 octadecenoic 
acid ((>2y>-M tot ^ x'.ccks 

For b(x!-y coiitposttton anai>i-es antnKds were .sacrificed, 
gut tontems wore ioiuo\ed Ui' obiain viripity carcass weight 
[FX W 1) and the taxta-iises tro/t-ti at 20''C. Frozen cat- 
rasse- wt-re chopped dfj.j freeze dned to deternitne water 
tonttnt 1 jch dncd Cdtvass s^as ground to giu a homoge- 
neous sample before furthei ar^lv is Total rjti'sgen was 
ajia]>/cd b\ tht Kjcldahl irH-thijd |91 hv the Dcpartmetit ot 
SoiJ ,S<.iei3(.c, yni\C;rSit> o(\\ tsconsjii Madi<5on Carcass ia{ 
content v,as measitied by extiartion wiiti diethyl tther o\er- 
Hi^ht usin^ a So\hiet apparatus Iota) ash csmtent was 
dvterntinM b\ mcmeratioti (^'^(iO WXl^C o^eniit^ht). 

2 4 ^fiiUau (jflnh '■i. ^ 

One v,a> anaKsts ol 'vanarie\; v,us performed on data 
pte^^nted tn Fable i and twowav analysis of variance 



(aeatirteiits atid experimeiits) was peifomed on tiala de- 
picted in the tsgiircs {tndividtjaUy cited later here). Of major 
iiterest here are the cotriparisons amotig t?te treatments; 
these were computed using the Statistical Analysis System 
fSAS Institute Inc., Cary, NC) with the general linear mean 
ptocedure aiid least square means optioits. If tlie interactioii 
Ktween treaimeni atid experiment was sigfiiiicaot. this in- 
teraction was then used as tlie error lei'm in the least square 
means analysis. 



3. Results 

The concentrations used in this report are based on ihe 
finding that sei-a CLA level? of rats fed diet suppietneiitetl 
With Q.5% CLA for 2S days were 72 ^tmol/L (range 2.1- 
120M'nf-"'!/i.; [2]. Thus in this study, we used 50 ^moUL for 
single isomers and 100 ;tj.!nol/l. for tnixed isomers. 

Experiments were done in niultiple sets of quad.rLipli- 
cates. Figures .lA-lD show inhibition of HR-LPL activity 
by various iS-carhon fatty acids. As previotssly reported, 
the ifani-\0,nx-]2 isomer of CL.A consistently and signif- 
icantly redi.iccd HS.M'..PL acii\-it.y in 3 134,} adtijocytes lij. 
This effect is shown in ali fonr sets of experiments and used 
as a negaii\'e control. In contrast the monounsaiurated oc- 
tadecenoic acids (!H:1) with double bonds at ce'y-O. ca-i3, 
trms-i2, trans-l.^ (Fig. iA), cis-ii.. Inmx-i 1, rrans-9 (Fig. 
IB), ds-l2 (Fig. IC;, or imm-\Q (Fig. ID) exhibited no 
effects on HR-l.Pi.. aetivitj'. in addition the linoleic acid 
isomer /m«.s-9,c7.s- 12 18:2 (Fig. it)). K)y,a>12 (an IS- 
carbon stnicture similar to tnvis-l0,d;hi2 CLA btit with a 
triple bond instead of a double bond at C:iO) (Fig. ICl, and 
P-tlO (n-(2'-(n-pentybpheny}i-iO-undecylenic acid) (a 
/ra«,v- U),ci.^- 12 CLA related structure in which the trans~]() 
double bond is pan of a benzene l ing) did not exhibit any 
effect on HR-LPL activity (Pig. IB). The effect of cis-9 
18;1 (oleic acid) was maiginai in that it enhanced HR-LPL 
activity in ifiree experiments but induced no sigruficant 
effect in thiT^ comparable CKperiments. 

To determine the effects of these CLA cognates on 
lipolysis and fat deposition, respej;t)vely, we measured glyc- 
erol release into media atid the amount of TG within cells. 
As previously reported {'}}, trms-ld.cis-l2 CLA increased 
lipolysis in this model. The 18:1 conipoun^.^ with donb.le 
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l'i<. 1 H-<vN <it i? J boil nU7 vids on hop ii.n releAsnl< iit>.)^)!Ot. .11 
i)pi\f. f!5R-lPl 1 auiuty .,i ITi-Li aJ.iJOv^fci .^i {>(>f J ikrer; 
ceils v/ere tfeaied with tnese eompoiiflds as mi aibufnin coiTipiex tw 48 
tiiU)<. Ai! d -Ik^i i'> iiiiiiif; .nntrol tonta )ief5 (bi, mi'k cofccfiDation .^f 

$n ■ndcpi.taviU') o>pi,n);ivfiE'. f tO 12 'ot >/Jt a'd if ) fiot[i (."j. i* 
inJvpi-iHionl t,<.t'i,'">ni.'nt'5, 3r.d > ~ " s iot fiotii iv.(.> indepem.v.r)S 

expetitTsesss. Means wEfs d)iTereti£ ktim m each iigure are ssamttcandy 

toiiou, i.\> itO.c : C! A., '"in !2 i.i)njug te. ii )<->i«i. irui 40 

jj.tnoi() i>' lo- 1, I .« " ■n.iJdefC!H"t ii. iJ ^0 ^.ai)oV! , vl-^ iji 1. li 
oa>ui->v)oiv. sciU '^0 ;xmol/I t;., is i "■■'m 12 oct&dmtvnc i-jc "iO 
/imoU , tn !ii t, i't."\ !t ictacipcem.jj aciJ P tJO, 

U-ir-^jn-pfifttybphenylMO-utidecyienic acfd. 48 umol/i,; cil-iSM. 

! ! oct3!l«;enotc acul. .'>0 pmohiy, ti\-lM,tnim-l I tn-sadecenoic acid, 
HI j'muf/l :V iS i, f.,Ms ■UK-l.)k><-enna aou!, Sti ,j,i>o!,1, t,^ 1 ilH,-'!? 
(' t\cn-lO-vi,tin I td, 47 ^unvM , ( ■■? I'v i, / (lot^uk-ccwjif 

scid 4itij\ioU,a df/)'!' ! ' afi-U wndiN-csiou aeid, 1^ miil, 

bonds al Uie ,v<iw^ 12(F-ig 2A).im ll,//^m\ jl,orfm«^<i 
{Fig 2Hj 1i<^ti no cf^^:'(.f on elsceiol release Hiiv.c\cr tho 
18 5 compoiinds with douhk hondb ai . n-*-? tj'i^ 2At re- 
ducfd ^lyc^uij R'lcdSc wlvjo.us 1^ i V'Uh douHL boriiLi at 
r;\-n !7(3>n-!3 (hig 2A> (I'jg 2("'* or /V£jf">-K) posiUojis 
(Pjg, 2D) siiihancfd ghafrol telej^e T/<i«\-^>, i7'.-i2 1^ 2 
iu)(i no cttcct on ghceEOi rdi-asc (Fig 20} P t]0 oicrfcufd 
(Fsg 2B) and I'.K <vv-l2 t.Fig 2(.') deurtM<,ed givccrM] 
release m this ^ysierti Hsruv the struoturrti tetilure or fea- 
tuiv", m\f;Hcd m rvpoLumL' lifvohsi^ appe^-if io be c(inn>k-\ 

rv->Ui mlrdcdiuj^ir Kt w'cls teduced by l/aHt-U),a^'] Z 
(.1 A ds icpiitted i>!e\!ouJ> '3] All H-cahni) rnoimDnM! 
urated i;iuv .loid^ k'i.k'd had no effect on tota! T'Ci (,Fig 

3r)) Nn efffvl ut) TO was obs-ned by lieatmg 
lt)j, p,-J2 (Hg "-D, r-UO (Ftg ^Bt, or Dam 0, rts.l2 
18:2 (Fig. 3D). 

Wc al^i' tesk'd {■'L-\ df(t\;in\es tluif iu\.' fun^ttontil 
cr> >ups other than airbox\ iic acut Compounds with alcohol 
aJOidt;, and ch\>nd^ groups -a ere prepared ai d -weit? tested 
foi effects o,) HR-I Pi aciiMt>, ghCfioi jeleaNe, jLnd intid- 








1 a^'d^t. in ^1 ^ f 1 




?tnn c-y % r 


f 'u ij ti ss ith tbt V 


oojsfiourtds as an albumin complex i 


or 4 tuur M'\ 




culture mectiti > wi-, 3jiti f1 and i 


1 i!%^ed f<r tret 


i/<.trd tE r *ntn, 


sieation. Ail tbshes mctimmg cotiErot contained the sa 


[fit (.1 ntcntrji ot i 


aibiimif! i UK) tanol/lS}. Numbers m 


ncaT SI ; 


C-t fOt< !) fjo-fi 




iU t» (.81 


ini iT Ertn tJixt 


ir j p^ijid m /pcrmtnt imi ; ~ 


-S tor on n 




^fAPif (. Un \!f 1 , v. nil ( ttt!t,rit 








oris 11 1 hn-ji Vi 





iesendtoPi?. t. 

celUil'tJ TO. Since these cuinpound,*; do not have the cat- 
k^syhc gtoup needed to complex with albuinin, titey were 
iiissohed (!i ethsnoi before addition to the cidture medium. 
The HR-I PL activity in ceiJs treated with CLA dissolved in 
ethanoi was not iigniticaiitly different than when CLa was 
tteatcd complexed to atbnniin {V\g. 4.B), The alcohol form 
of C5 A i.i(gi)t1y reduced MR-I.Pi. activity while rhe amide 
ionn of CIA (Fig. 4A), as well as the chlonde fonri of CI.A 
(Fjg 4Bj had no effect on HR-LPL activity, 

fihcerol rclea,sc was increa.sc-d by C1..A and reduced by 
the .jleohol and arnide, forms of CI.A (Fig. 5 A). The chloride 
torn! ot CI-A did not have any effecE on glycerol teiease 
(Fik, ^B ) Total TG \^'as reduced by trans-] O^ds- 1 2 CLA as 
\\ clJ lih the alcohol form of CTA, but not by the ainide and 
chlonde forms of CLA (Figs. 6A and 6B). 

Of the 17- and f9-carlKm raonoEjnsatiirated .fatt\' acids 
wtth a dotibie bond at the iOth position (cither cis or t>vns 
contsgtii Ation") tliat w=cre smdie4, only cix-lQ 17:1 inhibitef.! 
liR LPL activity, but it was less active than irans- 10, ds-ll 
CLA (Fig. TAh in addition, tw-lC* !7:1 incr<;a.scd glycerol 
reledsi- s\herea.s irans-lQ 17: 1, cis-Ui 19: 1 or trans-lO 19:1. 
decreased glycerol release (f-ig. 7B). Cis-lO 17:1 and cisAO 
19 i slijjhily reduced ceiUiiar TG coinpjured io control, but 
tran'-lO 17:1 and trans AO 59:5 were without significant 
ettect (Hg. 7C). 

SitKC /mf!i- IO 18:1 c.Khibiied an effect on giycerol re- 
lea,se, Ae also tested whether trans-lO Dq,gdeceno!c acid 
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Fiji. 3 Etlfcts of iS-tafbon tiitiy acid:, oti esierifieJ glycsju! in .-i n Ll 
;i(!ipoc.ytes. Ai liay 6 i.>E ciifi:?reHti;ition, ceils Vtert UCAUui Mth these 
coriif.««.>nili ."ifbijmi;) cornpifx k>i 4? hovsi All ci:fl!f-s ifiTiutiinn 

a'nirc'i ociritaiiied che r.ime conwntninon of atbimnn ( \00 •f.ur.oVi.t Celif, 
were iccaped anci f.onicait^d to !j<.'ismiirn: iri;ii;y!gfycei-ide hs. estrified 
glyce-oi) artci pvolem Niirnl^ers. -irtMTiL'an ^. 3E, n ~ 23~24 f(ii-{Aj frons 6 
iiidfff ndcjit expei-inienrs, 'j = iii-U for (B) and (C) /torn three iriileperi- 
C:uf:t ff>.pcriineri!s, atni /; ''<■■ ^ lot fO) frott) iwc iodej.'eiidcnt experi-netitf.. 
Mciim >A iOi diffsretit iciter.s in each fijMifsj are f.igiJ!fi..-;:ndy liiftCA-nt P 
0.05. Ffjr abbrcvliiuon;, ynd tina! c-once-ntntiotss. useii, sss iej-irniJio F«j. !. 



iiKluceJ b> the- ,'>^/?/s-HVii 52 tX'H isnuk-f (Table 1) At 
!hu end oi the expenniciUdi ptTitxi the gioiip IVJ diet ■.iip- 




Fif?. 5 r.ffecE.-. of CLA derivative:, on giyeero! release in .fH-Li sdipo- 
i.vjes. .A; liny 6 of (fiffereniistion, c-ftl:i were treateil with iht:se (.■csmpciimds 
as an .-iJbvimiti ct)mpil<:.\ for hollr^. Excttpt fof £iO,c!2-CLA, sJ! jrestmsni 
«>nH'«^'-'"(is wtre dissolved in tfih.inoi. Ail dis-hos mcJsifjJti?, tiO.cU-CL.^ 
and cOfiEroi contained the iame i.-oncentraiitifi ol" .liinirnin dOO /j.mol/L) and 
ethafioi {Q.i% fina! conceatration), Al She end of incubanon oulliite me- 
diiitfi wa.'i i-i)tlc-cts(j aiid 3na!yM'4 f(>r free giycsixii dftc-f ce)}tf!.f"tigLUior;. 
Ntimber. jrt nrun 'ill. n 6 lr<"n 'wo wd>-pendetii experi:)ients, 
Mc-<tn.^ wiih tlifferen; }etEeK in each figure ;S} s .signiticainiy dif ■ereni al P 
OXix f-or ab?)revi;jiK>nK and rinaJ ctincenU;iiion,'. n.wtJ, see ;epenii to Fig. 4. 



pk i;!£-[>fL\J ft ith trap-- 10 < i< ! 2 (. 1 A exhibncd >)s;njiK juh 
icdiiced boi> tdt (40';' redu^Uon ^vnipaicd f> tonfroli, 
\Nhcreds whok b<-d\ vvarei va^ sigtiitjcanfix enhamed and 
whoie hodx pioteiu iid a*-h were appan^nth etihaEKcd Bj 
toutra-t iht gr<>upkd *nin K! oi tadf ceno l acid e<hibUtd 
no signihvatit (.haiice m atn ^3ie,e t)!t?-i<^uu'rm'nts ( Table 
I) Hkt'" mit ni> s)gni(ii,.mt diitt teniae jn tiu botiy 
weigh)'. (colUn* giotip, 40 " i 2 o nans 10 cis M CL V 
ltd _toitp 40 ^-"22^, a-iJ tU) t^ 1 t-d ojoup 42 6 
or nioa') rental ieed miako ().omtoi ^ <Hip 2„ 4 j g, \- 
10/ >^ 12 TLV ted ^Moup, 8'^ 7 2 4 ^, and tiO Ih 1 ted 
iiroup, tS9.h:*:4.2 g). 





Tig 4 Mf^cc ■■•t (. L '\ der!\ itiv" op t.fpi i , r';lvis<if4e Upoptoleu' vipt-v 
tfm-LP} iaafv)t\ )ri Ll adip.H.yt'- At d.iy {■ of difK-reniuitton it-iis 
v'.r. XTijxiil '■hKh !fi- '-t t-tmif cundv tor I? fiow^ f Kt.sn tortKUi; ff A 
a!! Uuatrnent con poji.d' wer^ d <H'lved sn eii:i.uii>) Ail dlsltt. jiuUidinv 
tloci2<~f A anil to.itrol v.nn;aui„<i Itw -.atin runcentratioo ot lihumjii 
'ia!;..moU lanoethiioKr ^o- tKi i! co.Kenfr«i'-K' Nutfti"r. -jAMrf' it) ■ 
SL >i ~ ^ ■< tfc-ui tvo ir:dopciidf'tit '>>peifmenf>- Means oitlet^-rit 
letiers III edch ti^n-fc hc -.yv.rtc otitis d.ffcrvm li - 0 0^ A,fiin!,\ J iiions 
a.vd hha\ ,.ortveriu\.ti"!'\ i.'\tfd .ire .c {.)Mn\?,\ iA'^ CLA. nnf- Jtlc(<-J2 
jnd u' 'initu V KW- cutner' % Mrooi-^. t,LA \k . "ij'>v 
iOf.,^ ■2'(-:s"';r.4-;i L.„-,i.Jeo.idia, i o],y^*.mo!<l CI A awide, "-.^f-. 
iO, i2,'-, <).,-w, J cccadecjJ.enani ie wtiiol/l am< tiOUJ 
ClA t!a>" 10 12 i.i"u;'sl.d )-,noie-c acui St> .urnnj/l ..niiCiic 
ilf'AoKei m eiiiatoJ Vfors trejuiw ceiK 1. 1 A Cl f-cbATo-vi.'" 
iOci ]2.ot.t-de<,i. loi.c oi >.>6 u!i,i)i/{ 





0 tft-Ltt fd I i A deu\iX \es on . -it. ritiut, j'^vieio! n iTi-f i 3d;pij 
i;Ec' Ai (J 'i •-)• dttfi;teRtfJtn,>fi, ..ei'' wte C'ered with those Loripournis 
!ot +1! hours I"(i.eiit ti r (iti,i.l2-( I A J! titvittt.ctit c.ompnutid'; w.'ero 
d«<o<vL-i! H) i,-iti,))H.)l Al! d)dwi mcludin;; ti0.s^2-^.lA and lwiuuI (ou- 
tlined t!ie ^aii'c . fnosnlTJiion >f iiibumtnUCfi unso /I aod etLrinui (ti i<v 
tttii! .tincontr)Uf>i)i CelK ■'^eis scraji^d <irtd onjcitcd to ds'nnunc Irw- 
ivlrtjiT.de (J'? fitTjiitti gi\<'»\'lt ■ndsii(.>t'in Nuui'^er-* ire tt t-un * SI', 
V - ^ fioxn ^^vo iiidc-p::riae.it i;\poornc: its Means wifti difietcnt lelters. 
in esch ti^i.ni. <re sipnnuaiMlN li'lvtent ,it f < n.{i^ For 
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Fij " rtfet. ^ «f itiid fiUH bi,rcJ fitt\ dcu s p.inr rt-liwi «ih)fc In )pr i 
teintip") L iHRiFi i i .i' iFv ^-li >'l%ctr.il reUase t/i, <inK. iluiar e,ier 

A-eu 1.U t d mtl A'J'H-'! 1 fattv nui fot 1-K bouf \r (■^■•atmenK hid 
'tHI pnif i I if* ^{hm\ in RnuriedN lines jr. ihl n sL >. = 1? u icci 

f»i!,«. art i"mni. .UU dilKJCi! at /■ 0" tl* Ln,i)iK;3ted Lint, 

4. Discussion 

Tabic 2 summarats tht a^-uUs (>t this stiKi% <ilon>; with 
tho-^c ui punjouslv pubhshtd itUi^stigatiuns ,2 \10 12} 
\ni<>ijg otuideoaditnoJc <kkK oni> fnin<, W,ii<i 12 CL\ 
jcdULrti the acUMtv of UK LPL uhcrcas n^-O rranA-ll, 
tmn\-''i ftf!fi<i']\ hntJcK aud, or tnih^,-^) ( ts-]! vn.niHlo<.a~ 
Jif! oo acid d d not a-iuce HR LPL a< ti\ay \ij sons IX 
carbi^n inoiiounvituuitcd iaitx atids with doiiblc bond^ to- 
catcd betxset.n i,arb<fns 0 and I) m utht'i 'nms or !iv 
( onrL'iitatiunN did not inhibit HR !PLa!.tiMr> C! Aainidt 
and I hioide da IV at vt.^-, wort wiihimt i.ftcti wb K-a^ CL4 
akohol exhibittd a snodt^t inhibited etVct fhat wa-. less 
than that 'ceri \*,tth r-liUfj: 12 ( LA Wc pioposf that 
ihis IS dut. til the oon\trsH.n d the aknhol totm tu fiet k id 
(>nn, heme ths:- ttteci of Uk' Ucohuj fnim tii (XA is {ess 
dctis f than (.LA. UscH I he data '-upport the cwnvUjsion that 
the ."'iwr-HVi^^ i2 amjugatcd douHje bond m toiiiuntt on 
%vith ^ CAtb(j\v{ gtoiip ,it C I is aqiufed for inhibition nf 
HR LPl auiuu" 

{he iG cotitent itt tat ceJK rcilects the balance between 
tat iiptaj^e h\ HR LPl hpoiiene<?is, and hpt)Ksi'? Om data 
Ciinsistcnth sho\^ that c i >mpoimd that i odnred HR f PL 
actiVitv 511 adip.->c\ttJo> also rt'duced bod\ Ui m anmub 
Stnoe the amount ot protein secreted into hepa n eontammg 
med Dili wa^ not dittcretit between treatment group.s. t i 
iinhkel> that the eriei.t v^l CLA on UK LPL inhib lion re 
suits from k'vs pmtv-in <-ecretion Thentfore the etiects uf 
C J A on HR I V] t an bt dtto to regulation ot HR LPL 
(.^prcssK iu ntoditiLai t>n u! location ol HR-i PI , <>r Jiitenu 
lion with HR LPL dtrecdv 

Unlike Its <.onMstcnt inhibuioft ot HR LPl acti\it^ the 



ettcxts ot CLA on tiitrnfllular i PL ai.rnit\< \^ty t-ithe 
Hihib t ini oi ha\!nj no .tte<.i I52j We w-^a- 5b5e to 
obsser\e mhibUoij effects of CLA ta> a tniituie oi mjfs 
ICc/s-lZ and < fmw-l i isomerO on HR LPL aciivitj jn 
Is -ihott a time a.s 20 nnnutes f unpublished observations, 
f!4]') This appt\trs ts) he ls)u lapid for a tian-icnptional 
effect the effect ol CLA <>« HR-LPL actsMtj nia\ resuit jn 
part horn direct intcrai-tKn Ix-tween r'(3/n-U> ( is 12 TLA 
and LPL. qunihr to ihe inhibition mechanism ot CLA <>n 
tearu\I CoA desatl^as^ (SCO, 9 dcsaunase) '4] Alter 
namely CLA nii^ht tiihtbu LPL <Lti/>!w telo<.aUtm ts) 
membrane, tii«k)tig less LI L available ff^r Uie actnit} In 
addition, we ciiuiot aiK >>m the possibtUtv that (."LA ma\ 
ftuther jntcnct at the tuin<-ciiptiotia? level whuK ha betn 
reported bv others, tor example reduced LPL inRtsA m 
1 aJip^tvtes >sj adip^fse tissues h\ tfi'^^ 10 IZ 
CIA 114-16]. 

i^rcviouslv Lm et al |i2] t ported that bctfi natiS 
\{),ci% 12 < nd iis-'-^ tnwi 1 1 CLA iHW ^ leduced ilR-LPL 
act!Mt\ fn>m 313 LI adipswvtes, although the conc^ttra 
tJv>ns were inui.h higher tl ai those wc used m this itudv 
When similat oonoentratioris \sere compared tfiere svas no 
effect bv ( us f,' fran^ 1 1 C LA,v,hcrtas tram-WU ivl2 CL\ 
cftcai\clv rtdiKi-d HR LPl aatvitv 

CLA inav also aifcv-t iipogi.nrsu, m adip(.xvte& Presi 
oush out gionp icporttd that < LA d)d not aUtet activities 
of a(.ot\l CoA carbuwlase and faftv acid synthe^a^e tkt\ 
<.n/v!nt s nnolvtd m hpogcncsts), both n vivn and dnnng { 
week ol tetdsng 1 1 ^1 and m "5 H LI adiptfcvtcs 1 1 "] This i,s 
tonsisrent with obs< nations b> Pee {\h\ Howe'ver others 
report that CI A rtduted acu\ ities and/oi mRNA Lvel of 
lh(. sc o en/vjiif <- tn , dipot y tes j L^ i o, 1 ^ 21 I'hus CLA 
jna> result m less TCi m ad3ptx\ tes b\ rcdueutg ! pogctitsis 
howe\et we did not intasmc bpogenesis tn then- CKpett 
ments, 

Cdycornl ukase represent lifnjiys ui adiputytts Owi 
rcsiiks tiere indicate that ghcerol release did not correlate 
%sclf with ICi Content m cells or v\ith reduied bc)d\ fat in 
\ivo Ihi^ jua\ be dne !o the ensttivitj of the method Used 
in out e^pennietsts However i ordihydiosiua aret c acid 
(MXj A^ and AA8('L both well Known nihibtfors of lipo'c\- 
genasc and horinone sensit!\f- lipase dec leased hpolvsts m 
our c'xpeiiments ai evpeeted touipated to control tas 
ghcerol/nil comn>l jSi 1 NDOAU s ]0 mol L) Hi 
AA^ol 'JXIO " mokU \ - 22, and CLA l^~ ' 
\{ n - ■^-S ttoni two mdepcndetit exj^enmcnts") This 
su£:ge>t> that thit- method repre^etK^ the ettects ot tteatment 
in this model This, was aecompamed b> reduced ICt (as 
i-ig protein control l^i'^ r 1 \ \DC>A i\ 10""' niol'L) 

- 10, AAS^ 1(1 ' moR) - ~. ;ind CLA ^4 ^ <\ 
n = "-8 from two independent expeumcnts) attd rednced 
body tat in niRC ti>i NIXjA ifor e'\pet imenta! ccmdit ons 
se^ 22|> Howexei componnds that ncreased ^l^ceiol re 
kose onl> did not re&nh in dtci cased TCL f<>r example 
i>an% 10 \h i elfeetiveK mtre-ased j;lveerol iek\ise withotst 
affeetmg HR-LPL ac tiMt\ m > n J I ad {Xi^^cs .iiid had no 
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Taf>te 2 

SummiK-y »f compounds o 



Cofojwumi inhibition of Giyceroi 

Octatieciifiienok. acid 

,Wffi-f),,cH'-l?.CLA 4-f-i- t 

cisJ^JrottS-n CIA f;iJ2J - [3]/++ (12] f 

fwra-<J,.'««'-n CLA [3] " t 

rh-9,ci!>-\2 ociadecadietioic acid (]iti(!]ejc ncii) l'2,'-il - I 
irans-^.cis-l'l ociii-JecatJierKiii: acid 
Ctetadecenoic udd 

£.■;.?■ 9 (.■)C£ade«ffioj;c acid (oteic acid) — i 

m-J! octadecetioic acid - - 

cw-i2 octjiiificenote acid - f 

^•j>!3 octadecenoic add ~ t 

mns'9 acmiecmoic add - - 

fwwi--'!0 o£:tadecenoic - f | 

irarss'li ocujdecenoic acid (vatx'snic acid; -- — 

octa(fe«rioic acid — -~ 

J««s-i3 fjctsdecenoic acid — f 
Bicosadienoic acid 

Ci^-U,t"f.*-i4 eicosadicmoic acid [lOJ — ~ 

\ LtnmMi mMi i!an.-i-l~.d.t-U CEA flO] t 
CLA dwivaiives 

m;f«-h0.m-r>to.t-9,f™f!i-l^.ociadecadier5-i-oi (CLA-Ak.} + |. 

lra!^S'iO,cii'l?JciS'Ojrar^iAl~c>cti\iiac;><im;mr:Uie (CLA-.*.mide) ~ |. 
] -chlofo- fw^uj.-- iO,fij-- i 5 -actfldecadiene (CLA-CI) 
Odd-numbefe-d fatty acids 

m-IO heptadecenoic acid + t 

tmts-lO hep!iideoeiii>K acid - I 

cii'-U) oonadoeenoic acid - 1- 

trans- to nonadec-ftiKM^; acid - | 

Cii- H)x!",«- ! 3 noriadat,-.adiefioic acid [ i 5 j ~ f 

CiS'iOjrans-n mi traitf- i i-,cii-- 13 CNA [1 n + j- 4 t t 

OtflL'fS 

«<-n-octadecen-iO-y)wic acid (lOy^cfs- 12) - 4 

)^(2 ■-(n-jx'myliphej!yl^!0-i;ndecyteim- acid {P-iJO) — f 



■■ effect; ^- := inhibiiioo; 1 — itiaease: i ~ deciease. 
No nuinbers. in acjoitti; tnackt-Ss indifatc refctcnce* from v-hid) data a; 



effect oil total 1X3 or body fat iti inice. This suggests that this 
iipoJysis assay method may not be setisifive enough to 
eiuible. u-i lo observe the difference in TG; thus further 
studies are need to cJai-ify the eorrejation between Hpolysis 
aiid I'G in this cell cuhure itiodel 

Previousiy we repoitsd that the rni«,s-10,c/,f-j2 CLA 
isomer effect! velv inhibited hepatic SCD [4]. in addition, 
imns-\Q,ds-\2 CLA is als-o lespoiis-ibJe for decteased apo B 
secretion in HepG2 cells, although a trcms-K) double bond 
is a key factor for this activity [5]. It was of interest that 
odd-numbered fatty acids such as CNA HI] can inhibit 
HR-LPL activity a.s well as reduce the TQ in the ceil. Since. 
CNA and C'LA cantiot share conunon rnelabohtes because 
of the differetice of one carbon, we proposed that CLA itself 
was directly effective, in this study, we observed thai. <;!'.v-!0 
17:1 inhibifs.' fil<"LPL activity, although less so than tram- 
10,c7j-12 CLA, indicating that a dotibie bond at the lOth 
position may play an important role in these activities. 

it appears, then, that tmnsAQ.cis-ll CI.A is directly 
responsible for rcducrion of HR -LPl. activity, and that the 



Uun^-h) double bond may be Ihe key. in contrast, enher 
tict*t\-i<} or c/i'U bond may tnduce givceiol leka^t; liom 
adipticUea Thit iUkly also suggests that hpohsis nia> not 
be A giKjd jfjdicatot of pj cdictjug T f > content in the 5'i"i-Ll 
adipocyte mode!, jather, mlHbitinji .if |{R~Li'l activity may 
provide a better prediction >>{ TO (.outent in this cell hoe -ind 
tat level in animal modeis. 
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Inhibition ot hepatic stearoyl-CoA dcsaturase activit> b} tram-lOxis-U 
conjugated linoleic acid and its derivatives 

Yeonhvsa Park \ fa)nc M Stoikson ' Jdrat^s M Ntambi Maik H Cook 
Charles I Sih % Miduie! "W Panza 
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AbstrsKt 

Coniugakxi linoleii. aCi'i (CL^) hi hin ropnrttti to Je^rtSise stt;iro\!CoA e^-aluriv' C^t D) v^Uni'^ b^ decreasing 
ipRN \ eipressKD ihi m^e tt^aium v. j (Umj; ui to d krimtie wiethur vtrLKEuril3\ relakd compoutiri'- oJ LLA have a 
diieot inhibitors ehett on SL D ittj^ 'U />tJ>K in t H I LA h^id simnp rahihi'orv activitv on SCD ^Mt nansA 1 , and 
iian\~9,'ran 13 isomers hid no eifea Tun,%\() v)aiidc(.[;!ioii.k > i' tioi mhihi'orj, rjs 12 OLtddtCtinaie was 

)n!iibitcir> but not j-- cSieU)\c Ji t,a>^ SOc 12 t! \ Oi the nitcd dcnvatjvus, 9 perow-rn/i/Aii-lO, iram-\2 
octadi*tadtpn<^<jte was . moe tlfi'dni. inhibitor than -U) ijf 12 CL^ Ahf^rea Q-hvdrox^ 10, ci>n 
MCt idt.i^dieii( iti. V ks tltt,Mi\e Tmere tm?!\, " \ 11 ot.t ideiadit-noaie vind (,f\ U cwtadtixn-lO >ni^dE-> 'At>rt; slightiy 
inhibitor Huvn,%ej / 5 a»d 1 i ocf deranoales, and » ^? <;-9 in \Z oi,t ides.ad);.nuate wcjc ali indtt vc under test 
cunditiun as vv<,re hnolca'c, oieatJ, «md ji.atbidnndte D^Tivdh^c CL^ and tnudifica lu <i!cohi,i!, amsdc oi chloride were 
\\\ mact5\c K ^, 12 doubJe btjid appe ii*- to be a kc\ sinictur i] teauire for inhibiting SCD ai-lnsty csfK^-ialK \^hi.n coupk-d 
wth d !0 doubk> whcri-.i<; a ("i 1 1 dt^nh,e oond (\ 3e tlTc^ti\e i 2000 LKcvi^r siai^nce 8 V 'Ml rigals reserved. 
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P CLA 



Abbreviasions 6CU E(.drt)'.i Ci \ d 
t itcd iirtukic acta <5 HODF ^ h^droxx (r 

nciL \ui ClAAic uo'n 10 tu i if<! 



< LA 



'■a«-10,cfc-12 octadcca- 
ir--I0,cw-}2 octadccadie- 
nms- 1 i -octadscadici)- 1 - 
oi (.LA iniidc 'Ocj^ '2 I it ^ rra'ti 11 octd ti^idiendmidv 
n \ Ci Uhfo-o iOct 17 i)::t.Jdt..ajjei3e 'Dv i2 iM 
12 o udet.^t 10 >noi_ iiLid W ir^Lhtd(.nic icid L V iitjoini, 
dtid, ^C*! aol ^. oA s^nihtu i 1 Fl .ipopro£>.in lipd'^t POi A 



1 tiO<? ^ 



1. feitrod«etion 

(.1 A roiori ly a group ol geometric and positional 
isomers of coniugAtv.d intolcic acsd ClA was origi- 
iialH' jsoldted trom gR'iind. beef as an antscircinogcji- 
51, prmcip-il which contamed maiiih the as ^'i ji\ms-\ \ 
isumet fi,2] This isomer can fx; toniied doriiig the 
bjohsarugenatioii ot iinok-ic and fc s,teanc' acid by 
rumcr bacteria [a] 'Sit^'rmatnetv, the iate^it research 
shows th'it ii can totm in animals wa \ Jes^turation 
ot nans 51 octadeccnojc acid (Liars vai^ccnk acid) 
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[4.5] CL'\ typiuily us,t;d in animai b.tiidit;> Jt. pre- 
pared by cilkfih joomcrs/dtJon ixom pure imokic 
acid. and contamb more {ban 95'' n (.XA jnamJy 
i-»-y,/?a/«-n and fni«i-K>.i.if-12 isomers (85 90/,) 
a?ong With other itisnor isomers Urani,J)ans or <-;j, 
<») Thi^ prcp,±!3tiOii of CLA has shuUii a wjdt. 
lange >>f bioiogicall> beiiefksal ^ctnifi^s E^ductiun 
of carcjt! I 'genesis so st\eral .iRimai modeis [!,6-iJ]. 
decreased scvcnts of atheroscletoi-is [9,10], reduction 
Qt £td\e!i.e eilccts of Jir-.munt s-hronlatiDn [11,12] 
growth {■noiiiotiun in youne rats [H], and a jcduc- 
tion of 5iad> fat and an mcrt-ase in k-ati body mass ir 
&cveia! animal sptxses [34 IS] However, dependm/ 
on the iouiL.*; ot Ijiiolex acjd {pure fatty £tC3d or 
vegetable oiD and ctinditior.s of i&omenxation the 
isome) distribution cun \d3y signifi<.ant}v |]9.20] fr. 
homv studies, CLA preparati'-iiib eontamed a mote 
coinpieif in!<tuie ot jsomej^ i.«ch as 8,10 and 31 H 
itoinet- ab well as 9,11 and 10 12 is,om.-rs |19,:0j 

Since Ila et aj jtj reported onSy the o'i-9,/m/!?-i 1 
isomer was incorporated in the phosphohpid fi action 
ol mouse toret-tomach, it 3ias been pu^tuiared tSiat 
i :s-9Jnm'^-\l CLA js the biologically active isomci 
Mose recently, several investigators [r',21,22] re- 
ported that all CLA ii.omcrs are HKOtporatcd in 
both pho5pho3}psds and neutral lipids )Iowe\cr, n 
was not until 19«8 that Lcc et a! [23] reported the 
possible biological actiMty of the iram-](),ri<:-l2 iso- 
im-r on sfearoyl-i.\j,4 dcsaturase t,SC3:>) in the first 
part of that ifudy, they fed CLA fat a mi-^ture of 
4,""''v tii 9,/'t/«^ 31 and 44', i tram~]i\ciS'}Z) to mia' 
and analyzed hepatic SCD mRNA. e<pressjon, which 
was Significantly decteased by CLA feeding tn the 
second part of the npeummi, H2 >5 mouse hepato- 
cvics v.-ete tested CL'\ generated b\ rumen bacteria 
{this prepaiafton contained mainly , ;i-9,?ra«i-3 1 
CI \, ^>oO°o of total fatty acid, with no iiam- 
!f,<7i-12 jsoufcr) did iiot have any effcet on SCD 
snRNA txpicssion Rased oti thasc observations. 
Lee ct ai [23] su ingested that the /?i3«^-10,£M-12 iso- 
mer was respotisi}->le tm the cfiecis of synthetic CI '\ 
on SCD RcLcntiy, we ctcaily demonstrated thar the 
Irani, lO.ci^ 32 isomor was responsible foi body eoin- 
position changes in mice and the decrease m lipopro- 
tein lipase activity m 3]>L1 adipocytes, while (k- 
^ fn}M')\ and tf£mi-9jr'ifi^-U isomeis did not have 
dn\ impact [24] In tht, current study, tested rht 
direct etftxts ot CL\ on fh^. actnitv i>f SCD using 



high punty isomers Other ils-carbon tatty auds, 
CLA derivatives, as well as aracnsdonic acid (a 
known inhibitor of SCD gent.) were aiso compaied 
with isomers of CLA. 



2. Materials and methods 

fi ''CJPaSmitic acid (50 mCi/inmo!) was purchased 
frt.>m A..ni.rican R,uholdbeled Chemicals, (bt. Louis, 
MO^ 9-hy d!o\y-,(£ 7V{ i U30, 1 .i-uctadecadicnvic 
acid (9--H()DF) Wci= purchased fium Cavinan (Ann 
\rboi, Mi) 9 Hydropcro\>-S0,12 < 'Ctadecadieni >3t 
acid (9 HOO d mixture of Uum-lO.ca ]Z and 
trwis-Hi.nam 12 in 2 1. 9<^%), tiam 9,.:s i2 octadc- 
(.adieiiOic acid (31 "Vj), octacedensnt acid 

i9h 1^/j), naf^s-lO octadecntoiv atid (S'JVv,), *raiis- 
10,c/i-i2/ti.v-'^,fA?/i.\-l 1-odadci.adieu-l ol {CLA-A3c. 
^'^'-'-o), turns 10,u5'12/('i-9,//iJw 11 octadetadien- 
amide fCLA-amide, 95'5oi, i-chloio-/jfi«i-10,o'i 12 
oUadecadicne (CL.A-Ci, ^5*0), and as.32'OCtade- 
cen-lO-ynuit acid (]Oy,i .s-i2, 94 50'o) wcie prepared 
by cheiTucai svnfhesis C\ \ was piepared as de- 
scnbed [2]; the composition of C LA was 45 "'Jl 

]. 47.C)'^'« 'ra«i-10,i.J.s-J2, 3'"3'i> ttamJrims, 
3 04% other isomer, Cw-9,rr««t- 3 1 CLA was pur- 
chased from Matresa fPSeasant Ciap, PAL 9<> T',f, 
a'>'9j>afi.'-\lhrans-9,a'!-\h 2 immjian^i isomer, 
and L08'/<i others Natural Lipids (^Ho\ cicbygda, 
Norway) kindly piovidcd tfam-\<>xis~\l CLA 
92.8% 30,^5-12, 163% ch-'-Ktums W, 1 36% 

trans Ji am and 1 (-A^ othes? Other fatty acids 
were purchased from Nu-Chek-Prep, f^ESysian, 
MN) Weanling male ICR mice were ptirchased 
from Hat Ian Spragut. Dawicy t Madison, WT) 
Semi-purified diet was purchased from Harlan 
Teklad {TD9O040, MadiSon, WD Fat-fru- cailwhy- 
drate dift was from "LSB (faf-fice diet, 157^0 PT^ 

2 I Fiepmat.i'H ot Ine) tntoO'ioniu! ^tjctum 

Mice \scK hou.sed in a window less toom with a 
32-h hght dark cveic m strict accordance with guide 
lines tsiabhslied bv the Research .^iiiinal Resources 
txntci of LTniversfty of W isconsiu-Madis* m and a 
prf}foci>l appro\ed b} the Aniina3 Care Committct 
Diet and water wcic avaj3ab3e ad libttum '■Vniraals 
were fed accotding to Mil3er and Ntambi [25] Mice 
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weic &t,m'ed for 24 h, rcfed for 2A h, starved ten 24 
h, and then fed tat-hee caibohydrate djcf for 24 h 
butote CO; sujfocafion Miciosoma! friction^ wcse 
prep^iod Unm rmco h\cf> d.<i dsicubed pre\}ou->jy 
|2o| with littk niodificatjon Livu horiogenjte w^s 
prepared wsth 4 voli iwA) of 0 25 M sucrose I mK\ 
EDTA, 10 mM Tu^ HC5 (i»H 7 4) and c^-^ntrihigeJ 
iC()00/ir fot S'l mm The supernates wt-re ro-CPiitri 
liigud at {0000<)\g foi i h, pcHets wvre rmsed ona- 
.m6 itvaspcTided before utucro&omj] frActiorib) 
Aj3 pifparatjcns ncrc ir.dds M 4°C Tlitee jndv^pen- 
d<;nt picpardtiorts rriirroi^ocial fraotR'nt, were used 
Protein was! detcrmmed u&mg Bso-Rad DC Protem 
assay kit. 

The SCD dctjvit> v,<:it. deteimmi-d ps dei,cnbcd 
[3") The ai>s,a> ■=;>t.tt;m coritviined 7 2 mM ATP 
<>54 mM Co'V 6 mM Mi^Ch, 0 8 mM NADH. 
0 i M potassium pho!,phate builcf ipH 7 16\ 
204 nmo) j 1 '"C jpaimiUc acid {t-peatic activity 
0 Ci/mon iPx 20 pi ethanol, te&ting fatty acid com- 
ploxcd with aifauntm (tinaJ cnnoentration ol 0 100 
pM. dis Hidicated in tiguie legends.) and mitroiomal 
frattioii {Q \ ^ mi.' protein) m I ml final volume 
Th'i rCdCtioti uass initiated li> the addujon ol 'nicro 
SiOtiial ftacfion and incubated at '^"^C ior 15 mm AiJ 
tattv .uid-) wer^' dissolved in K(JH to complex wjth 
itlbuinii. t>etort; addition to the incubation mnture 
^ HOO, >i!td CLA dcnvatis'cs (Fig 4; were 
in cthaiioS -lolutiofi as mdscatcd in kgends For com- 
paiiiori, CIA was al^o dissohed in cthanoj and 
tct.t«d For the expenment with acyi Co A 'lynthcta^.e 
(ACS), ACS (S xnV) was pro-incubatcd for S mm 
with colatt.->[6, and futt} acids atid then inuib^ted 
foi 5 mm With tht; mKTos>omcti fiEKtiOfis,, The rt-ai. 
tion \sas> stopped by adding J iril l2Vy KOH m t-tiia 
noi and heating foi 45 mtn at ZQfC Fattj acids wcic 
extracted with hexanc after aadilicatu >n with HC! 
Fatty acid niethyJ enters wete prepared with 4''j 
ilCi/McOH at 60°C for 20 mm, and beparaied by 
thm iayer chromtttography on siivei nitrtttc impreg 
nated Mlica gel O pLitcs. {2^ ubin^ a mixture of ht.\ 
ane diethyl ether (^1) To hdp vi^iiahzation. cold 
i>tandard^ ipahnitic and palmitokic acid nnethxi e&- 
tert.) were co-i.potted wuh j,amples After MMtali^a- 
tion With 2',"'-dicholoiof1yOTe;>cem, corusponding 
&pots were Kiaped off the p1at.:s, cxtrart>^d with he.\- 
ane and sub]ccted to liquid semtiiiation counting 
iin7>me actiMtie^ w:,re takulatcd as nmol palmitic 



acid conveited to paJmitoieic acid pet mm per mc 
protein. 

Bei-ause ot~ the expeninentai btiucture, thi. data 
wcic diMded into bix grnupi ao that data were bal- 
anced tor cioi.: to brtianced) with e<!ch gioup A bal- 
anced desigri means, that within a group, the same 
ttedtinentir \\ete used m all expcnments. m the group 
Data were wibjeUcd t.i <mai>sj& uwng the Statistics 
AnaivMb Svfetem fSAS Lsers Guide Statistics. SAS 
institUt., Cttry, NCj Wjthm each group, data were 
anaiy/ed with PROC MIXtD as a two-way analysis 
of variance with treatment as a fixed factor and ex- 
perim^-rit and the etpenment b> tr^-atment mteractii 
Jis> random factors The error tern for companntt 
treatments was a rsnx ol the residuai error and the 
experiment by lieatment interact as determined by 
PROC Ml\rD using the Satterthwaifh piocedure 
for degrees of trcedom f?^] 



3. Results 

1 jg 1 shows the effects of diHcrcnt CLA isomers 
and Jmoieic acid dernatives on SCD actnity CLA 
mixture at uM (either compJexed with albumin 
or dissolved m efhanoi) aignilkantl) reduced the ac 
tjyjtv of SCD Two major isomers ot CI \, en 
9,?(«>ji 11 and lums~\0,i>sAl. wctc tested indi\idu- 
a]l\ at concentrations smniar U-i those in the CLA 
!5i!Xture, 42 6 and 43 6 f.iM, icspectnely OnK the 
L'ans 10,11^-12 isomer signiticandy £edu>-ed SCD ac- 
fi\'i{y (siniiJar tu the CLA mixtute'), whuJe (heie was 
no effect by a^''i,t''am H CL^ We also tested hno- 
leic acid denvdt!\es, 'J-HODE and V }I00, which 
contained conjugated double bond;* at ihc trans- 
li>,cii-12 position Both compounds, weic inhibitory 
to SCD. With y HOO (b\ \xU\ being the more ef- 
fectne while y-}10DE (100 uM) was iess aetne than 
trm; \ihci:i~\2 CL \ EthanoJ etfccl was ruled out 
smcv CL.A treated a"; albumm complex or dissolved 
in ethaito! showed the same inh)bitor\ cfleoi lo 
eliminate the possibility thut uamAQ^uAl CLA 
may have impacted on ac^i CoA formation, addi- 
tional experiments with acyJ Co'V synthetase ('\CS) 
were peifoiTncd *ramA(),Lis-'\l isomer was incubated 
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f-ig. ■ f.^ffects of diffcrcii! conjugated linoieic aeui (CI.A) iso- 
mt-ii. aaJ linoieic acid ck-rivatives on hepatic stearuyl-CoA 
dc-satuiasc .ittivity Numbsri a;f mean .tS.lv ()j = .^-fj, ratlectal 
from lhrt\' independent experiments). .Means with difTeient It-!- 
tsr? are sigriitkantty tiitlferent (/•<0.05). The final cootx-ntra- 
tions wfjc 100 for Ct.K and <)-HODE. 42 6 H-^^ ft'r ri''- 
^.fww-n CLA, -13.6 f.iM ft-r ;wi,v-.10,Ws-12 CLA.. and 55 3 j^M 
for 9.HOO, CLA. cis-'i .nans- W CLA, and /r«jM.|0,/;H-i2 CLA 
ueie cwiip!l-x.;j with .dkm.iii CI K^bO, ''-hHODf' and 9-HOO 
were dissijived in ^thariol Al! sasnpies foniiiined iW liM albu- 
tniti, inciiidmg cotitroi. CLh. L-onjojjated iinoleic scid; 9- 
tfODI-,. y-hvdroxy-Jr,*f).T-tO,ctt-!2 ottadecadieooit aetd. «-HO0, 
y- iiydroperc.xy- ! 0, i 2- ociadeeidienoic .icid. 

With or Without .A.CS (8 mU) for 5 min before adding 
microsoma] fractions and then incubated for an ad- 
ditional 5 mint. Inhibition by this isoim'r was not 
affected by addition of ACS (55% inhibition with 
ACS vs. .52,2% inhibition without ACS), indicating 
that fonnation of Co.4 was not the major process of 
inhibition by this isonier. The mean of two experi- 
ments showed a general linear trend on the inhibition 




/-ig. 2 Dose j^stK>05£; of !rcstis-\()xis-\2 CJ...A. on hepatic stcflrc- 
yi-CoA desa!(3ivi,w. Reported vaiiifs aie mean + S.E. (« = 2-4. 
coiiected from twrj independi;ni esperitnenti). Means with dif- 
ferent letter.? are sigtsificanUy diii"ercnt {P < O.OS), To avfid jk.-c.. 
values of tog, the vniiie of I was added to ai! data. Ct^A, con- 
jugaied linoteic. acid. 




r-'ig, Efietts of tatty acids on hepatic stearciy! Co.-S desasurast; 
activit). Numbers arc nitfaniS.E t/i = 4, eoliecied from two m- 
depetident expsnmetjts). Mean« with different tetters are siginti- 
caniiy different {P < 0.05). The finaS cotitctitrations svere Sfi 
for trmis-m,<ii-i?. CIA, tranx-t.iram-lX CI.A, ds-9,ci.i-n ott.i- 
decadienoic acid (tinoieic acid), irans-'f, nms-'i], nj-^, ris ii 
at)d ct$-!2 oeladticenoic acids, atid 10y,r«-12, 3!. 7 j.(lvi for 
iraKs -9. as -12 tictadt'caciienoft: J^cid, and 49A H^i for f.''a«j'-IO 
ociadeccHoic acid. CLA, eonjugaied Imoleic at:id; X.A, tinoieic 
acid; tOy,c)2, cis-i?.-octafkiyn-!0-yno!C acid. 



of SCD over the dose of !ram-\0,ds~\2 isomer of 
CLA tested (Fig. 2). 

Fig. 3 shows the effects of other JS-carbon fatty 
acids inchtding the iraru, trans isomer of CLA. (rans- 
9jrimS'\l CLA, hnoleic acid {fi.s-9,(;/.S']2), ttnd irans- 
9,ds-l2 octadecadienoic acid did not have any effect 
on SCD, Neither did mono-tinsaturated J8-carbon 
fatty acids, lrans-9, trans-lO, trans-] \ (vaccenic 
acid), or ra-9 (oieic acid) octadecenoic acids. cix~l] 
and civV-12 octadecenoic acids inhibited this enryme, 
but the effects were less than rram-- HXrij- 1 2 CLA 
f59% inhibition by cis-ll and 51% inhibition by 
cis-il compared to 70% inhibit-ion by the trans- 
)Q.cis-l2 CLA isomer). J0y,m-j2 had siraihu effects 
as cis-il octadecenoic acid (50% inhibition), but 
again was iess effective than the tram~]0,ci.s-l2 iso- 
mer of CLA . 

To test if there are any additiotiaJ requirements for 
inhibition besides double bond location, we prepared 
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Fig. 4 r-j!ecis of C\J\ <!sT)vative'; in hep.-Ui; stearoji-CoA. de- 
S3tiJ ;!S<- ,-ic!ivity. Numlieis are tneaniSF (>-=-4, coikc.ttirf 
fioiTi twa independent expevimsnts). Means wiib different letters 
are sigBificarjlly different (P<0.fK!n. A!i fijiaJ conivn! rations 
were tOO j.t.V., Testing iii.iren.ii'; incfudmg CI^^fBt) were 
dissoKid in cihiinoi, except CLA wa-i cornplexeJ to albiiumi 
Aii sampies contauied !00 (iM .libiinmi, lacliidiiiii toiitjoi 
CL,A-Aie. CLA-aicohfii form; Cl.A-aniiv1e. CLA-amicie foim. 
Ch\-CX CLA-C! fomi. See Sc-aion 2 for chemical xmms of 
the dctivaiives, 

and tested alcohol, arnide or chloride fotms of CI.. A 
since these compounds have double boiids ;U the 
same location, but different functiona! groups. 
None of these derivatives showed any effect on 
SCD (Fig. .4), 

To prove the specificity tratis-\Qxis-l2 CLA, we 
■also tested arachidonic acid under the same experi- 
mental condition?. Polyuiisatutated fatty acsds, espe- 
cially arachidonic acid, are biown to reduce SCD 
activity by reducing mRNA expression (ssmiJar to 
previously reported effeoti of CLA), Fig. 5 shows 
that, again, the CLA mixture (iOO ,uM) significantly 




<;onfroJ CLA AA !<M M SO 



Pig. "5 Effects of aiachidomc. acid ;3a hep.itic: stearovi-CoA de- 
sjdurase activity Numbei-s a;e mean + SE (« = 4, coiiected 
from two independttnt experimenl.'i). Means witts (jifiVrent letters 
are signifcantiy ditTerent (.A' < 0,05). The final contsntrntions 
wttre m .u^? for CLA ami SO .ind iOti fur arauijidoDJC 
acid CLA, for)jijg;ited litiotetc acid; AA, .inici))d(>nic acid. 



reduced SCD activity, ilowever, unlike CLA, arachi- 
donic acid {at 50 or 100 jiM) did not have any effect 
m this experiiTsent, 



4. Oiscussion 

Previously, Lee et al, |23j reported that feeding 
CLA mixture signincantiy reduced hepatic SCD ac- 
tivity iii iTiice by reducing SCD mRNA expression, 
iii that study, it vva,<! suggested that since the cis- 
9jTans-\ \ isomer had no effect, trans-M).<:isA2 CLA 
(the other main isotner) inhibited SCD. Our results 
dearly support that the trans- U),dS'\2 i.somer causes 
inhibition of SCD While Lee et al. [21] measured 
mRNA expression from CL.-\ fed animals, in thi,^ 
study we added CI. .A directly to the incubation me- 
dium with miciosomal fractioii.s for a leiafively short 
time period (IS min). Thcrefoie, iiihibition by CLA 
in this study was not due to reduced SCD mRN.'V 
levels, indicating that iram-\0,ds-\2 CLA direct jy 
inhibits SCD enzymatic activity. These i-esu5ts are 
coiisi.stent v,ith the recent publication by Bteiillon 
et al, [30], which showed inhibition of SCD enzyme 
activity by /ra».s-IO,m-!2. but not by ds-9jvans-\\ 
isomer. 

As a structural i-equirement of inhibition of SCD> 
Clarke and Jump [31 j proposed that an inhibitory 
fatty acid must contain two double bonds positioned 
between carbons 9-10 and 12-13 of an !8-carbon 
fatty acid. In addition, at least one of these double 
bonds mast be as, but the other can be in the /jam- 
configuration. Since trms~V),<:isA2 CLA. inhibits 
SCD, but ds-9jrans-\ \ does not, it is possible that 
the dS'M position, or aUernatively the «-6 position, 
may be the more important double bond location. 
This is supported by the intei ineciiate effect of ds- 
12 octadecenoic acid, but not /ra«,Y-10 octadecctioic 
acid. The minimal effect of ch-\l octadecenoic acid 
may be the result of its similarity to the ds- 1 2 isc- 

It is apparent from this study, however, that irans- 
]0,dS'l2 CLA has additional inhibitory mechani.sms 
that are distinct from polyunsatuj-ated fatty acid 
(Pl.^FA) which are known inhibitors of SCD. For 
example, Imoleic, linolenic, arachidonic and eicosa- 
pentaenoic acids have been reported to decrease SCD 
activity m liver or adipocytes by decreased SCD 
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niRNA expression either by decreasing traiiscnption 
or by deceasing mRNA stability [32], Even though 
Clarke and Jump [31] reported PUFA eftect on tnjn- 
scdption response is rapid, 24 h feeding was the 
shortest time tested m mice [33], in fact, arachidonic, 
JinoJeic-, and /ra«.?-9,c2j-12 octadecadienoic acids, ajJ 
of which are either known inhibitors or wouJd be 
expected to inhibit SCD since they &i the inhibitor 
requirements described earlier, did not show any ef- 
fect in oisr experiments. Because of the relatively 
short incubation time in our studies (15 min"), the 
interaction between /ra«.v-?0,;'W-12 CLA and the en- 
zyme iiself is more important than any etfects on 
SCD mRNA expression. 

Hovik et ah [,34] reported direct inhibition of 9 or 
30 thia fatty acid-s on SCD activity. Stea-royl-CoA 
with snifur at the 9th or 10th position (9- or 10- 
thia stearoyl-CoA) apparently doea not intetfere 
with binding to the SCD. but the fatty acid cannot 
be desaturated, thus causing mhibition of A'' desatu- 
ration. However, it has been suggested that 3-thia 
fatty acid reduced the affinity to the enzyme but per- 
mits desaturation, iwnsAQM^-U CLA may have a 
.similar mechanism to thia fatty acid on SCD activity. 

Fig. 4 indicates that the add fonns (alternativdy 
Co A form) of the ireins-lOxis-n CLA isomei, and 
also 9-HODE and 9~MOO, were active while other 
forms {alcohol, amide or chloride) were not. This 
may mdscate that there are additional mechanisms 
or requirements, such as CoA form of iatty acid, 
that are necessary to interact with the enzyme. 

Increased SCD activity in liver and adipose tissue 
has been reported in relation to obesity p5-37]. In 
addition to the efiects in liver, recently Choi et ah 
[38] discovered that uansAQ.ds-l'Z CLA decreased 
SCDI m.RN.A> expression and activity in 3 n-Li adi- 
pocytes. Along with previous reports of decreased 
lipoprotein !!p.ase (LPL) activity in adipocytes and 
increased fatty acid fi-oxidation m muscle, the effects 
of iram-lQ^cis-n CLA on SCD may help cs-phiin 
CLA s multiple mechanisms on body fat reduction. 
We previously suggested that CL.A. acts by mediating 
prostaglandin mechanisms; however, Sessler et al. 
[39] indicated that decreased SCD mRNA expression 
by PUF.^ is eicosanoid independent. These reports 
along with the results in this paper suggest that CLA 
may exert its effects through multiple mechanisms. 

When the compounds shown m Figs. 3 and 4 are 



tested for LPL activity in 3T3-L1 adipocytes, only 
CLA-A!c was inhibitory (33%), and it was less effec- 
tive than the n-arm-lOxL^-lI CLA isomer (68%, un- 
published observation). Interestingly, Cook et a!. [40] 
recently reported that CL.A,-amide, CLA-Alc and 
10y,r^s-i2 redtjced fat pad weights in mice, while 
m'-}2 octadecenoic acid did not. The discrepancy 
between these r&suits may be due to differei)t mode! 
systems. Animals may convert CLA-amide, CLA-Alc 
or !0y,<:'i,v-12 to the iram-\(),cis-]2 CI. A isomer, but 
this conversion may not occur in an m vitro assay, 
particularly since incubation time is limited, These 
reauits may indicate the s|)ec)ficity of irms-i0,i'i'i-l2 
CLA on inhibition of SCD activity, Alternatively, 
SCD may be unrelated with body fat regulation since 
ds-]2 octadecenoic acid had an inhibitory effect on 
SCD, but !!o effect on body tat reduction in iiiice 
[40]. 

Based on these lesults, it is apparent that trans- \Q 
and m-12 double bond positions and perhaps con- 
jugation may be key structures for directly inhibiting 
SCD. These results, along with Lee et aj.'s previous 
study [23] indicate thai iram-lO,dsAl CLA acts on 
SCD by direct inhibition as well as by decreasing 
SCD mRN.'V expression. 

In summary, tram~lO,ds-l2 CLA directly inhibited 
hepatic SCD, while dS'9,?wns~] 1 or imns'^jmns-] I 
CLA isotneis did not. Cm'-I2 and a>ll octadecenoic 
acids and 10y,aV-!2 octadecadienoic acid also inhib- 
ited SCD, but to a lesser extent than iransA0.ds-i2 
CLA. Linoleic acid deri\'atives !>-HODE and 9-HOO 
showed effects similar to tranx-h),cL'i~\Z CLA, while 
other iS-carbon fatty acids (trans~9, trans- \0, irans- 
H, or <'w-9 octadecenoic acids, tranS'9,ds-M octade- 
eadienoic acid, or hnoleic acid), CLA derivatives (al- 
cohol, amide and chloride), and arachidonic acid did 
not have any inhibitory effects using a microsomal 
enzyme activity assay. .A, ci%'\2 double bond appears 
to be a key structure for inhibiting SCD activity, 
especially when coupled with a trans-W double 
bond, but not with a 9 double botid. 
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Effect of Conjugated Linoleic Acid 
on Body Composition rn Mice 
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sour..es tenter ot i njver^itv of Wise >n sin Madison Diu 
\va^ h-di a nintu)/!, f eshh provided e\erv dav (CKpi^nniont i) 
<>r three tiine^ ptr \v-*ek (eNpcnnieot 2) Atiei a S 1 adapfa 
ticn peiu-id iTiice svere iandomi\ st paiatt d into gtoups .itid l<-d 
edher tcntroi diet n "i'A cotn oil) or CI \ ucntamuig diet 

1 ABLE J 

Diet (,otnp(>sitror(^ 
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<,5,(>*;i COST oil plut 0,5^*0 CLA) F<>i both composnio)! aoaiy 
-cs. jntmal-. y,vr>^ tjacnfsced. conterds were remoxc'i fjo 
(■(bidio tmpty carcass. %e)j;hi)< and the oarcass.e'^ fru/en at 
ProAin cj.rcd'^sics wert chopped, ground, and fretv^ 
dried to determine water t otnent Tofal rjUogen ^^a^ anah/ed 
t)v the Kjeldahi joethod (l)) Carcass tiii eonrenr uo'^ nuM- 
.•iured hy e>>ir,H'nf>!) with diuthj i ether cnermshs usixig j So'<.h- 
tet :ippaiatut. Total acih content wa* dctctT>Mrted bj mrinera- 
tion ^?OfM)nfn"', v>\eriiic:hl) 

C\''l cHiuoi' >T^ iJ freadjp^K^t-jN >^eK' pi>icha&ed from 
America!) Type Cultiite Colicctior (R!>ckviile, MD) and cii!- 
tuEcd dp described Bneflj, 1 pread{jx>cyies were 
po\^n to confiiicnce -it ^'^'C m DislheCi o"b tnochlicd Eag!e\ 
nwJjum iDMCMs confainiiig 10'^ i alJ serum At 2-6 posi- 
cnl^isenco idestgaaied tlav th cell dfifetaiuafion was mdnctd 
wuh si mKturc of meihy!ibol'ui>KanjhMi t.0 5 mM). dijxart)- 
efhapoof {li 25 vtMt. at)d snsuisi) t.j i-i^'mL-i m DMFM oo«- 
tasnm^ U)'^ fetai hovine -^eram On day 2 ihi$ mednnn \s.i.s 
replaced v^n'r- inedium coniuioin!: 10' i. tVial ln^vme icram asid 
)psulm onS> Oi! day 4 .ind thereafter iiwdmrn coiit.5stL\! uf 
DMbM plui i(» tctat bmme svtuiii ^^nly, th)p niedifsm was 
^Lbsequently replfjccd wjth frc&h inedtuni at 2-d it^teivaK 

FatJV ucid-,a?bu{Tiir! compkxes %\ere prepared as dfi,cribed 
f HMVith .-h^ht ri'iodsftcations and added to cuUiia^ mt-dt? h 
prior Ui eels buivc^t ("i A i,lO ^imol) or hnoioic noid ( fO 
•imoD. dissolved m f) } M KOH was add.d to iO pmol 
bovm^ seami alhumm so]titii>n m phosphate Putfercd ^lalsnc 
,5rid HK-l)t>;ited ovmugfii at 4T The pH .ind vtshnoc wcic <jd- 
|U5.ied, icsjxvtuelv. to 2 and 5 0 ml 0>ctv>K' t)hc! sicnb/a 
licii'i betoie Use Fsikil <.ciiioe!itr.^ij(tijs, of iinolue acid and 
CI A svere lOO j-tM i^\cept at. indicafd for the do^e resfxinsc 
experinicrtl All dishes jncUidrng conuol had iinai \,oneeiUia- 
tiun 100 pM aiburnin 

(."eU viability s\a.- letted Lifeing 3 iiumhi,i oi parameft.rs. 
<u folio^vi The act! vines of sstratf u^edvage en/>rne tf4! 
and {ait\ acid <;ymbeUse i L*^) weie deiermKied hi iddtUon 
■^-l.-1,5-di^r^e^hy!thla^o]-2-Y^) 2.5-d!phen> hUra/ohtjm bro- 
mide iSigir.a Chemjca] Co . St I oms, MOi v,as used ^jti de- 
^ctibed ^,16) Bneily. ceOs. were cidtured m a v>,eU pUre 
and {je^ded with latt) acid-aibumin complexes i\v 4S h as de 
'vobcd above After rmsmj.'. cells were incubated \v 50 p! 
OJ ^ (4,'>-dinitth>Uhiai'c>!-2-yU-2,5-d5pbenyiteira?o!nnr. bio- 
lojde (5 res'/Oil ) m DMEM at tor 4 h AKUutii was then 
rii)'i>vedand ^OOuL of dimethyl suitoxidc added tfieuclpAeli 
to dissoiV'-; toftiia^ in crsstals bs'fore qiiantttymjc S'O nm 
^^ttl) 1 M)cr.>j>late Reader Modd MRf^OO (,D>natech Indtis- 
rnes, inc , Ak'>,andna. VA) 

Free and csUmivQ glycerol \^e!e dctetmKied unjn^; a 
Sjgo)a DiAgTiO'lfc Kv Hepann leicasabic lipopriiieif) lipase 
a VI ^ ac(tMt> (E,r, 3 I i >4, !<) U hep?j(ii/niL mcdta fo' 1 h 
at ?7'C! v.c:s mtMStired as described ■ PI Reeo\ci> of tXe 
faUy .ioid was rsumatcd at "Is^ by using [ ' 'Ohnoleic acid 
i'a>tein wa^ dstenruned as dt-scntK-d i ]&) 

C7'/ (t i' 2, ^ / 2,ii ,»un Vilct v,eit- fed CI A-sapple- 
nientet! or control diet for 1 s\k iiaKihe mue m each gtoup 
tteie thetj fasted overnigSd pnor to sacnfjce by v-cfVica' di^'o- 
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eatior Kpididynvai iat pad, sheletai tuujscle [Inm leg), anj 
h\er %\ere removed Tissues wete then hiimogemj-ed in ^ soi 
(\\u\.>]) of 0 25 M sucrose, I niM EDTA, 10 mM ii:s HC 
pH -f. at 4 C Humot'enates were cetilnfiiged ("00 s q i\>, 
10 mini, sDpernatatit lUud y,as agatri ceritntujied ( i2,tX)0 \ 
iV>v 55 mm) Pclieis (mitoehotidncil haetion^ were slashed and 
stored at -70"C after resuspctiston in '-'0 rnM suero^e, ?20 
mM mani.it. mM HEPhS butter. pH " 4 ind 1 loM tr^TA 
lotai CPT acii\it\ \sas assayed t>y measunng the tnitia} laU s 
Of t-VASH furmaUnn <,t9), 

Staa^tKiil lUu7ly\<\^ fata in figures I and 2 and Tables 2 
and 3 vicrc aiia'\/ed uirig file "2 iis.lcpfTKtenf satuple t-iai " 
f'ced tmakc pet cage was dctctintiit-d tveiy day foi expen 
ineriT i (two imee pe- eaiiei or at 2 3-d imervals for expen 
sntnt 2 i^rme motise pet ^agel Ft>ed intake daia -hitwti Ui 
Figures 1 md 2 are caktiiated under the assumpn.>n dut tn 
expcumcrtt 1 each motist- aoieJ nidependent)}, and iii eupcri 
fient 2 niise cunsumed cin equai arni>iint of feed on each v>f 
tlie day 4. cons!dut!n,> the feedmg perKx! Ta'o way analysis of 
v.iti.in<.e weie peifoimed on dala (treatments and expen 
meriis! for F>>',!Jie Table 4, and the carcass protetn anttlypcs 
desc)d>cd in the Resuhs section Of rHiiiOi interest here itt- 
the corapansinis among the iieatments, these were computed 
iib,'ng the StnistK" AKily4.is S>t.tem /"sAS I 'sers' CTiiide Sta 
!3.-Sks. SAS Institute Inc . Cary, N'(^~t wnti the denenil Lmcar 
Mean pioeeduie and I oaS! Aqiiare Meanr ciptton If the inter- 
action t>et\\een irediment and e\ peri n\eni was sigmhciiit, tins 
iMeracSiini v^-a;, tlieu u^cd as ifie enox temi in tlit Lea^iiSatMa- 
Metsiia analysis. 




0 5 10 !S 20 25 30 
Time (daysl 

f !G. 1 B"dv i^hi i( k\ alio V-^--! ^In«^e Cf' fion. .Td:e f.^ c<^ 
CC> )!toi Of I fi-^iiJiiatt'd inulf^K rff id it L \'-sijppk,ii^ritt' ; • >pt;' 
■ t^iL-'^t r hotit-week uic nnk- nn' wot" ted i^ithor ^urlt'■^,li iccicri^ or 
c 1 \ JiikJi supoknt ''V 3 iiitt 'ii 1% dfft' tor i d ?>i.n\ wt i;h!s 
'o - Jii dnd f>>f<< inlakt- ,ijo e<tr><1 ■<.•,' On Numb-'f- 
are mean * SL, 
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dtc' ;iJ ^'tt lit d I OF ::o .1 b> > J) vv <<<,!-'{ srnj 'tlt^d citdht; v.en suh 
tor abbreviation, 

RBUt-TS 

F'guic 1 shf^vt? ih?i mair mia. iVJ C't A-Sijppk*mentfd diet 
exhibited boJx vc^jgtiis that were inciisont^uishabje from cor- 
tioK B> ct,mtr.t«. Uit, data of Fi,aurc 2 indRiUc thai female 
mux' fed CLA apptiart-d lo (.xbihu slj'ghdv teduced body 
wt.-<!<>hf ielauxe {o ofmlrois, aJthougb inp .ipp^tunr itxIttctJO!) 
Wis not srurt>t!oan\ fjgtiif-caff In both ^udies ijig*> i <n\d 
3> 'id iihifuw fct-d int^kt fn} tlic V\^A iVd anhnals .sppt-aied 

MOiisl) i.l50wri thai smdH djffetfnci s sn feed ini.ikc do not ai- 
feLt i-'od)' <omposiiio» <20) 

Tabk- 2 ihnut, Uw effect nf C'l A Mippienicntituon oii hods 
conipmstion m these aiuinah. Reiatne to their re^pcotise 
cotitmls. the p^tveiitagc body fat jn ( LA-fcd mtct.- le- 
dtJced b\ i7sv (irjIcsi and <^!i'-( (.females) ISeme. dtspitf 
s-'muar b<x1.v sxttrhts {H^s~ 5 and 2), diettiry A t-uppk-iiiPTi- 
tahon resulted sn s(?mficantiy le^s hodj (at (Tabic 2) 

B> contrasts the pescc'itdpes of whole body pictem and 



carciss w^m were Pigniffe^tiitS)' enhanced lOrtJ A-fed mice 
in both CAporimcniN (Table 2^ Bc(.ausc uf the iclativcK smali 
lUimbetv of aoiniaN studied it is not pos^iWe foonLhiie fri~>m 
these Odta itlone that CLA mditeed a si^nirteant increasv xvt 
wno{e body pr<Hei!i atetehcn i\*.h>->!e b<..dy piotesn m.is* foj 
LontroK and CI A-fed gtoups. asj-^ctntiy, weire d 1 and 0 (f g 
tn expenmem I and 4 4 dtvi 4 g in experiment 2, in neither 
cai.e w^p the differense ^ignihcaft) Hov«.ever. lo date we have 
condiKted 10 Mieh 'iiobpe CLA feeding triaK, onl> two of 
\vhis.h are reported here m i-tgijret i and 2 atiJ Table 2 An 
yulysiiv of the eotnbi'ied dat;i *rom 'hcse 10 studies indicate 
ihat msec k'd CLA suppkHicmed dset;: do m fan e^^hibt in- 
vteasfd whoic b(vi\ piotcin tehfoe t^^ coiittoK (P =■ 0 040!) 

Tlie nk-ehatii^ni of a».t'Oti of body eompositiiiu t.h.inges if 
of vonsjdcrable itnpottAiKc At.cord)t3|,'iy ue jjtudsed the ef 
feet iif CLA <in total CPT v^^li^h is rati. Hniitiiig for fatty a> ki 
(i-xtxidatton (Ta?jle CPT aetnjiy wa.s increased by dietai> 
CLA iupplemcntation ni bi^th fat pad and '■keleta! muscie the 
different es v^crt- sigmhcant tor fat pad oi fed rrsKe, and skek> 
ta! mtirftc oi tasted nri'cc 1 ivet (. PT activity \>vas not aikxted 
by CLA feeding. 

Anorfrcr Ks-"y eii/y me m Jipid niciabohstn is adipocvie Li- i , 
svhic-h kydisfls/cs- ftee fatty a^ ids fioiii ! nctiktmg triiicyl^hc 
ende, ths' iatty at ids aie \t>£i\ \A<;n up h\ the adipocytes, and 
fe estenhed Vve uJih^ed vrj I ! adipocyte^ to measuu T,PL 
as wcil a.s fat niohiii^ation The anioimt of CI A added to the 
cell tuitiJie media \vas b^ised oo oiu deteuTiisiatiOn that the 
mean CLA eoiucnt of s,era from rats U-d diet iuppk'n^ented 
with 0 ?v C LA for 14 or 28 d is '12 mM uange 2.^-120 ^W) 

fhe data of I-igtisc .stiow that sitpplementing the ctslttire 
mediuni oi fuUy dirierenUated 3 f^-Ll adipotyies -"Aith VLA. 
(biit not hiioieie acid) Sign? hcantly rediKea LPf activity \xk 
inhibitory fffet.t wa- linear bet\\ecn ''0 and 200 CT-A 
{Lip 4> TSh* data indtc^tte a ihicshoki hciow 20 pM wheie m 
hihitMn ih not obscr\Td' the apparent enhancement at *i wM 
CLA t:i not ti'ide! stood ana icquifCi, futther --tudx Tn separate 
cttp^rnneiits \u detcrnmie cell viahiht) %\e loitnd ihat linobai- 
ine, vr3 I { adipo* >tes for 2 d wjth 5 lo 200 p\! CLA ot 
hnolC'C acid did tiot change teti \ sal >.Ut> as iiieasuted tssing 3 
14,:- dimethyliliia/.oJ 2 2.5 djphenxitelia/olmrn f>rornid<. 
(date, not bhown? 'We aii.!> found that intubatitig 3T3-1 1 
adipocytes for 2-2 d with Cf A under simdar conditions did 
not ieduce citrate cte.i\'agc en/yine or -fattv acid synthetase ac 



TABt E 2 

CLA-imJ«ced Changes In Bo«Jy Composition* 



70,9 i 0,-5-^ 



^Stuf-iy duration was '^3 d !expfrrim<rr,t 5} iin-d 28 d iexp.:;rinif?rii T;. Retjorts^d vskie-s are j: S?-. {n (> s;, 

"f.rripty KifMsft wf!tght. 

" ■ Ti contfoi, where 0,03, '^P< 0,0!, "Pk O.OOt, and 'P< 0,0001 , for other at*- 
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Total Csniltine PabnitoyltTansferase Activity in Fat Pad, 
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16.8 = 2.5 i(>.7±\.(y 


"1 20 
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i f3.4 4 1 .9 


25.9 i-2.r' 17.7 i !..■; 




Fed 






1 


Q>nSrol 




1 1 J a; 1 ,2 y:>, X O.-i 


0 


CiA 


22 4 ± ! .4'" 








3:iorClA-}.up{ 


>!eiTiefUed dfei <0,S%) tor i wk. Reporiesj 


•20 



tivi'sje.s (data noi shown). FinalJy. ttiere were no CI..A- or 
hnolcic acid-indiiccd diffcn.^nce,s m (otal pR>tein or heparin -re- 
leased protein from ihe cells, Mence, the CLA eifi'-xi. reported 
here appears to be specific and not due k) loxiciiy. 

Table 4 shows the araount of esterified hnd free giycrriid 
wifhin the ceils, and the free glyceroS )n the culture medii-rn. 
'T'hft findings are con.sistent with Figures 3 and 4 iii that CLA 
treatment respited iii a .signifkunt reduction in tntraceHuilar 
triacylgiyceride (determined as esierihed glyccroi). .Howevsr, 
the significant increiise in free giycero! in the media indicates 
th^it CLA tnay have sdiiiuiated ispolysis as weiL L.inoleic acid 
also appears to have stimulated iipolysis in these celis, which 
Is consistent with the hnding.s of "fiikada <?; al. (2!) that body 
tat wiis tiiodestiy ix^dnced in rats fed gartrctia- Unoienic acici (a 
iiietabolite of liiwlek acid), 

DISCUSSION 

The data of Table 2 establish th.4t mice fed CLA-s;uppl(> 
merited diets exhibited .slgniflccust changes in body eofr!LX)si- 




CcBjtroi O.A Lieoleic acid 



F!C., i. CIA inhsbhs iipcjpfot'jiri ii{?,r>e (IPl.; activity in .HT.V i.l ,-dipo- 
(yJM. R<?porit>d v;jiijei :;re meif.i jl- Si{ if? = 1 5-- 1 7. (.otte>;t<fd from fejr 
iiidepcfideni expefifTrsnisj. "F-..' 0.05, ^t"* f igure 1 i'of Ab!x>;vi.5tion. 
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TIC. 4. i 

pofted V 



Concentration of CLA (m-M) 



)f Ci.A dose on IPL activity in 3'f3-U adipocytes. Rs- 
<..'.990! ioi- She <hii> beh-.eer, 20 orid 200 <:i.\. (-"or 



tion relative k> eontrols. This observation should be con.std- 
ered with regard lo effects on the adipcicyts (the principal site 
of (ill stora,se ; and the skeletal tnuscJe cell (She principal .site 
of fat o.tidation). 

The study described in Table 3 was ctindticted with tisstses 
fiom contro? and CLA -fed niice. The fiiutings are eonsi.stent 
widi the interpretation that feeding mice a diet suppletnented 
with CI..A enhances ftJtty acid (?-oxidtif.ion in skeiesai muscle 
and fat pad, bist n<>t iiver These data (Ta!>le 3) may also ex- 
piaiii at lesst in part our previous report (6) that rabbits fed 
CLA-suppienteiiied diet exhibited reduced serunt triglyceride 
ieve!s> 

The experinieists described in Figures 3 and 4 and Table 4, 
which svere conducted svitli 31"3TJ adipocytes, sndicaie titat 
CLA L-eatinent reduced LPL activity while apparently en- 
hancutg iipoiysis. if we assutne that the ?>; -.'mv e-xperimenti; 



TABLE 4 

tstsrifSed m6 T-ret^ Giyeefo! in (it;it Sonicates, ami Fre^ Ciycerol 
in CaJturt! MsrrfUtm trim Omtrol md Ci..ATrea!«J TTi'lA 
Adifjot^tes'' 

P«ifci,»n!;sgsi of c;onlfoi 



CLA 



h-iterified g!ycflR-j! 

in ceil ~" ' 
rreegiycero! 



mj± 6.4" 117,1 ±ejf- 

M 9 ^.72'' 107.4 ± S. 9- 
12. 0*li-)^' lOf. .>-J2" 



were treated with 100 jjM oi CLA Of hnoLjic uCid to. 48 !m before 
The means ats for to indqiendent experitnents m-ir'!iai(.-(>.j ogainst 
■^rjtxriive cortiois. D;jw disiie? pei tf^ umf-ri! m f jf fi ^?sper 'i-'piiE) 
vers Bfiaiysed as icig vakie with a !woAv.3y anaivsis o) variatitt; nhifg iMS 
icid {as tre,itmen.t$3 and experimenf:. If the irfteraction between tr{:at,ment 
ind '?>pe.'-;tTit'nt wa^ sij-rii^irartt. ifii^ trii(!f3<t(isr! ^\;.s i ^cd r- . »ic ff-<^f if r'^ 
4ea!« with different superscrtpi iettere are sigrjiikatitly dttferent (,P< 0,05!. 
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with 3'I'3- !./! adipocytes (Figs. 3, 4, labts 4) reflect in vivo 
physiologjosi changes, then these iJata taken tog<.>fher with the 
data ofTfibJe 3 appear ?o provide « fr&ntev-'Ork for pariiaiiy 
undcTStanding tlie reduciioti in body fat thiil is evident \n fhe 
datii of Table 2. h should be noted tha the data of Figures 3 
and 4 and Table 4 support out very^ recent findings (22) that 
a<1ipocY?es isolated trom v&if^ fed CLA exhibited incresised 
hornione-sensttive lipase activity aiid enhanced norepirieph- 
r jj-^e- i !i ti uced 1 ipoiy si s, 

A pcissible exphiiiatioii for the apparent enhancement of 
k,^.t5 body mass (Table 2 and accoiiipatiyiiig discussion of 
whole body protein aocretiori in the Results sec tion) is less 
clear. This tntty be related to otsr previ^.^us reports that CLA 
protects against the cataboiic effecis of imttititie stimulation 
(S,9). which is modulated by prostaglandin and mediated 
by inierleiikin-l md tumor necrosis faclor-a, both of which 
are linked to obCvSity (23-26;. It is also possible that CIA af- 
fects pathways induced by anabolic hormones, perhaps in 
conjiniction with an adaptive response by skeletal mnscle ne- 
cessitated by increased lipid substrate for p-oxidation. Fin- 
tber investigation is required. 

There appear to be parallels between the effects otCl.,.4 
reported and discussed herein and the reported effects of di- 
etary Hsh oil. Like CLA, hsh oil is reported to s-ednce fat pad 
s!:?e (27, but also see 28.). prevent cachexia attd body weight 
lo.ss following jtomutie stimulation (29,30), and reduce ti?>si!e 
arachidonic acsd levels (31,32). The oniega-3 fatty acids of 
fish oil modulate niunerous biological and physiological ef- 
fects that are linked to tumor necrosis faotor-a, tnterlenkin-], 
and the eicosanoid pathways ('30,33), indicating that the ef- 
fects of CL A may also involve eicosanotd tnechanism(s). 

The isomers of CLA may be metabolized to one cir more 
biologically active prodtjcts which exert biological effect. For 
example CLA -derived eicosanoids coald regulate the synthe- 
sis of arachidonic acid metabolites like prostaglandin F-,, Al- 
ternatively. CLA-denved eicosanoids might exhibit biologi- 
cal activity in their own right. These pos,S3bil!ties are at this 
titne ,'!pecul{it!on, but they are also the focus of considerable 
ongoirig research (8,9,34-36), Understanding the biochemi - 
cal }r)ech8riisnt(s) of action of CLA will becrucsal to fully uti- 
lizing the poteiitisi of this class of fatty acids itt animal hus~ 
b:iridry and hurnan Jippiication. 
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Conjugated Linoleic Acid Is a Growth Factor for 
Rats as Shown by Enhanced Weight Gain and 
Improved Feed Efflclency^'2 

sou F, CH!N, JAYNE M. STORKSON, KAREti J. ALBRIGHT, MARK E COOK* 
AND MICHAEL W. PARIZA' 

Food Research Institute, Department of Food Microbiology and Toxicology and 
*Depaftment of Poultry Science, (Jniuersity of Wisconsin-Madison, Madison, Wl 53706 



ABSHIACT Wft studied th* effect of coniugated 
tinoi«k add {CIA) on rat deveioptnent and growth. 
tMm^ra^^d femate Rscher rats were fed controt or CLA- 
suppiemented {0-25% or 0,5% CLA) diets during 
gestation and/or lactation. CtH^ugated Jinoleic acid was 
iacojporated into milk fat and tissue lipids proportional 
to the level of CIA fed and the duration of CLA feeding. 
Coj\ju8ated JlnoJefc acid was inc{»|>orated into fetal and 
neofatai tissues; it did not affect Jitter size nor induce 
apparent abnormaSties. To tiie contrary, feetSng CLA to 
the dams during gestation and lactation improved the 
postnatal t>ody weight gain of p«ps (J' < 0.55), 
measured on d 10 of Jactation. Pups that continued to 
receive the CLA-suppiemented diet after weaning had 
stgnHkantly greater body weight gain and improved feed 
efficiency relative to control animals (P < 0.05). J. fiati. 
124: 2344-2349. 1994. 

li^DEXlNG KEY WORDS: 

• conjugated ilnoletc acid * rats 

* feed efficiency • growth enhsncemeni 



Conjugated iinoleic acid jCLA) was first isolated 
from grilled ground beef and estabJished as a potent 
cancer inhibitor with apparent antioxidant activity in 
several aniniai models {Ha et al. 1987 and 1990, Ip et 
al. 1991 and 19941. Conjugated liiioieic acid was then 
shown to reduce the cataboUc effects of immune 
stiinuktion in mice, rats and chickens withotit ad- 
versely affecting immune ftinction {Cook et ai. 1993, 
Miller et ai. 1994). These findings indicate a complex 
mechanism ai action for CLA that may involve ef- 
fects on prostaglandin synthesis and signal trans- 
duction pathways. It should be noted that the 
catabolism of skeletai muscle, which is induced by 
immune stiinuiation, partitions energy away from 
other biological processes, including growth {Benson 
et al. 1993, Klasing and Austic 19S4, Kiasing et al. 
1987}. 



Conjugated linoleic acid is present in virtually ail 
foods jChin et al. 1992}, but the principal dietary 
sources are dairy products and other foods derived 
from ruminant animals {Baitiet and Chapman 1961, 
Chin et al. 1992}. Interestingly, turkey lipid contains 
CLA at levels similar to those of ruminant animals 
(Chin et ai. 1992}. 

Kepler et al |1966) identified the cis-9, trans- 11 
CLA isomer as an intermediate in the biohydrogen- 
ation of linoleic acid by the rumen bacterium 
Butyrivibrio fibzisolvens. Seemingly some of the CLA 
produced in this way escapes conversion to stearic 
acid, is absorbed from the digestive system, and is 
subsequently incorporated into tissue lipid (including 
milk phospholipid}. In this way CLA may be seen as 
an inherent component of cow's milk. Conjugated 
linoleic acid is also generated in the colon of conven- 
tional but not germ-free rats fed diets containing free 
linoleic acid (Chin et al, 1994), This finding indicates 
that microorganisms in the digestive tracts of 
monogastric animals axe able to synthesize CLA. 

It follows from these observations that CLA may 
be a previously unrecognized growth factor for at least 
some animal species. The purpose of this study was 
to investigate this possibility. We found that feeding 
CLA to rat dams during gestation and lactation en- 
hanced pup growth while producing no observed evi- 
dence of harm. Consumption of the CLA-fortified 
diets by the pups after weaning further extended the 
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body weight gain and improved feed efficiency as 
wel!. 



MATERIALS AND METHODS 

All protocols tor animal use were approved by the 
Research Animal Resources Center of University of 
Wisconsin-Madison, and experimenul procedures 
were conducted in accordance with the Guide for the 
Care and Use of Laboratory Animals jNRC 1985). 

Ammals, Two experiments were perfortned. In Ex- 
periment 1, 8-wk-oId virgin female Fisher rats (Harlan 
Sprague Dawley, Indianapolis, IN} were used; in Ex- 
periment 2, 10-wk-oid animals were used. Animals 
were maintained in individual cages at 20-22*C with 
12-h light:dark photoperiods and fed a nonpurified 
diet iRalston Purina, St. Louis, M0|. They were trans- 
ferred to separate cages for mating with males fed the 
same diet, Matings were confirmed by the presence of 
sperm in the vaginal smear. Day zero of gestation was 
defined as the first day of visible sperm in the vaginai 
smear. 

Immediately after mating the females were re- 
moved and assigned to dietary groups. In Experiment 
1, the animals were fed control diet or control diet 
fortified with 0.5 g CLA/100 g (Table 1), To ensure a 
homogenous mixture, CLA was mixed in com oil 
before adding In basal diet. Diets were mixed weekly 
and stored under nitrogen at 4'C. Fresh diet was 
provided daily to each rat to minimize autoxidation. 
At d 20 of gestation, 10 rats each from the two 
treatment groups were killed by carbon dioxide suffo- 
catiOR; liver, mammary gland, skeletal muscle and 
abdominai adipose tissues were then removed. Fe- 
tuses were removed, weighed and examined visually 
for abnormalities. Maternal and fetal tissues were 
stored at -80'C until analyzed. The remaining rats 
(see footnotes to Tables 4 and 5} were allowed to 
deliver at term, and the day of parturition was desig- 
nated as day sero of lactation. 

The same diets were used in Experiment 2, with 
the addition of a third group fed control diet fortified 
with 0.25 g CLA/100 g. A fourth group received the 
control diet during gestation and the 0.5% CLA diet 
during lactation. Pups were weighed on d iO and 
weaned on d 22 of lactation. Immediately after 
weaning, male and female pups were housed in in- 
dividual cages and fed for 8 and 10 wk, respectively, 
the same diet their mothers had received. Body 
weights and food intakes were determined weekly, 

MUk collection and analysis. Milk was collected 
on d iO of lactation between 1200 and 1400 h, to 
minimize possible diurnal variations in milk compo- 
sition {Picciano 1978), Dams were separated from 
their Utters 4 h before milking; longer periods of 
separation can affect milk composition (Keen et al, 
1980). Dams were anesthetized with sodium pen- 
tobarbital [Butler Company, Columbus, OH), Oxy- 



TABLE I 



Diet tJouapositioa* 



Component 






S/kg diet 


Casein, viumin-free test 


216,5 


DL-Methioaiuie 


3.1 


Sucrose 


m.m 


Cornstarch 


154,64 


Com oii 


25,78 


Cellulose 




Minerid mix, AJN-76 


mm 


Caicium carboiwce 


4,13 


Vitamin mix, AIN-;<5A 


10,31 


Choline bitamatc 


2.07 



'To facilitate the tnijaog of conjugated linoleic acid {CLA) into 
the diet, oniy 25.78 g com oil kg diet v/m included in the basal diet. 
Additional com oil {25 g/kg diet) was used 4U a canier for CLA. The 
£iiwi compositions of the dicfs were as follows (g/kgi: O.S% CLA, 
S0.78 s com oil + 5 s CLA, 0.25% CLA, 53.28 g com oil 2,5 g 
CLA; conttoi, SS.78 g com oil. 



tocin (1.2 USP units} (Feimentia Animal Health 
Company, Kansas City, MO) was injected in- 
traperitoneally to stimulate milk flow, MUk was 
drawn by applying intermittent mild suction to each 
tiipple through a Tygon plastic tube (Norton, Akton, 
OH! and collected in plastic tubes. Milk was not 
pooled; rather, milk from each dam was portioned 
into a number of plastic vials and stored frozen 
(~«0*Cj, 

Total protein in milk was determined by the BCA 
protein assay kit (Pierce Chemical, Rockford, IL}. 
Total milk Upid was extracted as described by Su- 
pelco Inc. with slight modification due to lirrtited 
sample size. To a I6-mL screw-capped tube the fol- 
lowing was added: 0.5 mL of rat milk, 1 mL of 
ethanol, 0,3 mL of 16.44 mol/L ammonium 
hydroxide, 2,5 mL of petroleum ether, and 2.5 mL of 
diethyl ether. Samples were shaken for 5 min and 
allowed to stand for 20 min. The bottom phase was 
discarded; the ether layer was washed with water, 
filtered into a tared screw-capped test ttibe, and then 
dried tmder nitrogen. Net fat was weighed, capped 
under argon gss, and stored at ~80*C. 

Conjugated Unoleic add. Conjugated linoleic acid 
was synthesized as previously described (Chin et al, 
1992}, Quantification of total CLA methyl ester in 
milk fat and animal tissues was performed by HPLC 
{Chin et ai. 1992). Gas chromatographic analyses of 
CLA isomers were conducted as described (Ha et al. 
1989}. 

Nucleic acid maiysis. Nucleic acids were extracted 
from the mammary gland (Ogur and Rosen 1950|. 
RNA was quantified (Ceriotti 1955} using baker's 
yeast RNA (Si^na Chemical, St. Louis, MO) as the 
standard. DNA was quantified (Hubbard et al. i970} 
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using calf thymus DNA (Sigma Chemical) as the 
standand. 

Statistical aaa!yse$. Data were analyzed by 
ANOVA using the general linear model procedure of 
the SAS statistical software (SAS Institute, Gary, NC}. 
Significant differences among means were determined 
using the Tukcy's comparisons jSteei and Tome 
19805. Litter size was tested for a potential covartate 
between pup weight and milk protein, but no sig- 
nificant effect was observed jP > 0.12}. Therefore oaJy 
one-way analysis was performed on pup body weight 
and milk protein. Differences were considered sig- 
nificant at F < 0.05. 



RESaiTS 

Experiment L Consumption of CLA during 
gestation did not affect the food intake or body 
weights of the dams (Table 2!. Mammary gland 
weights and DNA and RNA concentrations were 
comparable for CLA-fed and control animals, in- 
dicating that CLA did not directly affect mammary 
gland development. Liver weights for the two groups 
were also similar. 

Litter sizes (0.5% CLA; 9.3; control, 9,2} and fetal 
body weights {0,5% CLA, 3.27 ± O.OS g; control, 3.27 
± 0,28 g) at 20 d of gestation were unaffected by CLA 
consumption. Fetal liver {0.5% CLA, 0.22 ± 0.0 1 g; 
control 0.23 ± 0.02 g] and brain weights (0.5% CLA, 
0.16 ± 0.01 g; control, 0.15 ± 0.01 g) were similar in 
the two groups. There was no gross visible evidence 
of fetal abnormaiity. 



lack of effect of coosttmptiao of « diet cmtainios O.S g co»- 
jugeted ilnoleie aciJ/tOO g diet {(KS% CIM oa mammeaj 
glaod derelopmeat in ratB*"^ 



Total food intake, s 
Matertu)} body wei^t, g 
Mammary gisnd weight, g 
Met body weight oi <iams, ^ 
iVtammary ^and weigtjt/ 

iOO s net body wt, g 
Livei weight, g 
RNA^ 

RNA;DNA tmo 



051. J ± 3,4 247.7 

226.3 ± 4,14 221.? 

6.70 ± 0.32 6.69 

m.l ± 4.42 !S>2.0 

3.43 i 0.19 3,49 

52.7 ± 0.25 13.1 

73.8 ± S,U 77.6 
34.2 ± 4,16 37.8 

2,45 i 0.34 



2.16 



± 6M 
± 2,84 



± S.60 
± 3.37 
i 0.18 



Waiues are means ± S£. There wcie 9 datn* i« the control grouj? 
md 10 dams in the CLA-fed group, 

^Body weight and maisin54r>' giand weight were measufed on d 
20 of gestation. Net body weight was cjicwiated as maternaJ body 
wekbt mrnus fetai body weight. 

^Milligrams per gram of dry fat -free tnammaiy ^and. 



Moreraaf and fetal tissae CLA ctmaaitrcakats ia rau fed a 
S wnfuRoted UaoUdc acid/tOO g diet 



Matcnwl liver 
Mat«;njtt muscle 
Materaoi mammaty ^.and 
Fetal liver 



\unol CLAfg tissue lipid 
0,53 ± 0.18 12i) ± 1.03 
0.78 ± O.U 15.9 ± 1,36 
3.21 ± 0.11 29.7 i 1.43 
0.21 ± 0.05 4.9« ± 0.«4 



'Value* are means ± .SK. There were 9 dams m the control group 
and 10 da.nis in the CLA~{ed group. 

tissues were coJiccted on d 20 of gestation, livers from a Utter 
were pooled together for fat extractioti. Litter sizes were cotn- 
parabte tcontroJ group, 9.3 pups per dani) CLA-fed ^oup, 9.2 p«p» 
pet dam I, 



Tissue from control dams and fetuses contained 
low but detectable amounts of CLA (Table 3). In 
contrast, the CLA concentration in comparable tissue 
from animals fed the diet containing 0.5% CLA was 
substantially elevated. Conjugated linoleic acid was 
incorporated into milk fat of dams fed the CLA-sup- 
plemented diet (Table 4). Pups receiving CLA during 
gestation and lactation were significantly heavier 
than pups from control dams {P < 0.036). 

Experiment Z. The CLA concentration of milk in- 
creased in direct proportion to dietary CLA level 
(Table 5j. Pup development and survival were not 
affected by dietary treatment. However, for the group 
fed the diet containing 0,5% CLA, pup weight on d 10 
of lactation was significantly higher than for controls 
or for the group fed the diet containing 0,25% CLA 
{P < 0,03}. Pups from dams fed the 0.5% 
CLA-suppiemented diet during lactation onJy were 
intermediate in weight. 





TABl£ 4 


Effect of cwasvmptioa of a diet coatcJaiag 0.5 g coofugeted 
Uitoleic add/100 $ diet (O.S% CLA) ott rat pap yr^^t. Utter 
size md CLA coaceatratitm to ntifir''^ 




Dietary group 




Comrol O.S% CLA 


Mean p«p weij^it, 5 
Litter stie 

CLA in milk, umoJ/g milk 


9.6i ± 0,4 10,7 ± 0.5' 
6.8! 6,92 
fat i.68 i 0.21 I*.? ± 3.0 



'Values are means ± SE. There were li dam* in the control 
group and 13 dams m the CLA-fed gfos^p- 'P < 0.036 as determined 
by ANOVA. 

^£^^ps were -weighed on d 10 of lactation. Approximately 3 mL of 
d to of lactation. 
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TABLE 5 






Effects vf cooitaapdoa of diets eontmaias coafagated Uaoleic 


add (CIA) dariag gestati&o a 


md lactittiMt, ot dm 


•tag lactattaa only^'^ 


Dieury growp!' 


Cottttol 
In - iSS 


0.25, o.as 

tn - 7\ 


0,5, 0.5 
in . 17! 


0. 0.S 
(n - lOi 


CLA in tniJk, ^mo/Zg fat 0.96 ± 0.0. 
Litter size 10,4 
Mean pup wei^t, $ ll.B ± 0.4 


i 22.3 ± i,« 
9.9 

i2.g ± 0.6* 


46,8 t 1,43 
10,3 

14,0 ± 0.3*' 


4J.5 t 0.7i 
9.7 

ia.5 ± as"** 



'values are means ± s&. Numbets in paxcntheses indicate trntaber of daajs. Values for mean pup weijjjt that 4a not share a common 
superscript are signiiicantiy different {P <■ 0.05, Tukey'a teatt- 

^Pups were weighed on d 10 o/ lactation for litters of niae to 1 1 pups. AppioxMnate3y 3 mL erf milJt wss coUectcd on d JO of lactation. 
^The fiist and second numbers indicate the dietary percentage* af CiA fed duiir^g gesiatioa atrd iacution, respectively. 



Figure 1 depicts body weights and food mtakes, 
from weaning to 8 wk oi age, for the male pups from 
the three treatment groups. Animals fed the 0.5% 
CLA-3uppJem€nted diet exhibited a small but con- 
sistent and statistically significant enhancement in 
body weight compared with control rats, whereas 
animals fed the 0.25% CtA-supplemented diet were 
intermediate in weight. Food intake over this period 
was not affected by treatment (Table 6), Feed effi- 
ciency (gram of body weight gain per gram of food 




FIGURE i Body weights of male rats fed controi or 
treatment diets from 3 to 8 wk of age. Values are means x 
S£ at each week for rats fed the control diet in - 43 ratsj, the 
diet containing 0,25% conjugated linolcic acid jCLA} {n » 34 
ratsj, and the diet containing 0.5% CLA j« - 59 xatsj. SE bars 
are within the size of symbol. Final body weights for both 
the 0.5% CLA~fed and the 0.25% CLA-fed groups are sig- 
nificantly higher (/■' < 0,05} than that of the control group 
(Tukcy's testj. 



consumed over this time period) was of the order 
0.5% CIA-fed group > 0.25% CLA-fed group > 
control group. The difference in feed efficiency values 
for the 0,5% CLA-fed group vs. the control g?'oup was 
significant {P < 0.05). Hence, supplementing the diet 
with 0,5% CLA resulted not only in greater body size 
but also in greater efficiency of feed utilization. 

Female pups exhibited similar characteristics iFig, 
2 , Table 7}. Feed efficiencies for both the 0,5% and 
0.25% CLA-fed groups were significantly higher than 
for the control group {P < 0.05). 



O 100 

g 

80 



V 0.50?! CU 
W 0,g5X CU 
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FIGURE 2 Body weights of female rats fed control or 
treatment diets from 3 to 10 wk of age. Values are means ± 
SE at each week for rats fed the controi diet fn - 47 ratsj, the 
diet containing 0,25% conjugated linoieic acid {CLAj \n - 28 
rats), and the dSiet containing 0.5% CiA (n - 60 rats), SE bars 
are within the size of symbol. Final body weights for both 
the 0.5% CLA-fed and the 0,25% CLA-fed groups are stg- 
nificaiitly higher {P < 0,05} than that of the control group 
(Tukey's test). 
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TABU « 

Mffect of caasmmptian of diets coatdiniDg cooftigat^ Uoolaic add (CIA) oa growth perfatmnmce of male tea 
(S wk after weooiag/*'* 



Total body weight gain, g 
Toui food inuke, g 
Feed efficicticy^ 



m.8 ± IM* 
3503 ± 2.86 
0.362 ± 0.0i» 



0,25% CLA 
(n - 34) 
i32,4 t i79^ 
± 3.55 
0.374 ± 0.01*^ 



0,5% CLA 
in ' B9] 

m.9 i 0.81"' 
354.8 t 2.44 



'Values za tatms ± S£, with the itujcnber of rats in parentheses. Within a i 
si^icanrfy diffffltcn? \F < 0.05, Tukey's test). 

^HAt$ were v/eaite<i (cm 4 22 of lactitioni from dattu that had b««ti fed contro! 
Immediately «fter wcanitig, rats were housed in individual cages and ied 

%eed eSiacney - gram of body weight gain per gram of food intake. 



V vslues that do rt 



We also studied the effect of CIA consumption on 
the protein conceatratioo of rat miik. In Experiment J 
there was more protein in milk from dams fed diet 
containing CLA {mice fed diet supplemented with 
0,5% CLA, n4.i ± 4,3 g protein/l; controls, 95.15 ± 
3.0 g protein/L, P < 0,006}. However, in Experiment 2 
there were no differences among groups (mice fed diet 
supplemented with 0.5% CLA, 98.6 ± 1,7 gprotein/L; 
mice fed diet supplemented with 0,2S% CLA, 88.1 ± 
4.5 g protein/L; controls, 96.5 i 2.1 g protein/L}. 
Hence, the effects reported here were not related to 
difference in milk proteio conceotxation. 



Discassioli 

Conjugated linoleic acid is detectable In virtually 
every animal-derived food examined {Chin et al. 1992) 
and is consistently found in the tissues of rodents 
irrespective of diet (Table 4) (Chin et al. 1994, Ha et 



al, 1990, ip et ai. 1991!. Conjugated linoleic acid is 
elevated in meat derived from ruminant animals and 
seems to be an inherent component of cow's milk 
(Bartlet and Chapman 1961, Chin et al. 1992}. In 
addition, elevated CLA levels occur in fresh and 
processed turkey meat (Chin et al. 1992) and in 
tissues of conventional but not germ-free rats fed 
diets containing free linoleic acid jchin et al. 1994), 
Coniugated linoleic acid displays a number of bio- 
logical activities that may be reg&rded as beneficial. 
Conjugated linoleic acid inhibits chemically induced 
neoplasia at some sites Iei rats and mice |Ha et al. 
1987 and 1990, Ip et al. 1991 and J 994} and seems to 
reduce blood LDL concentrations and inhibit the de- 
velopment of atherosclerosis in rabbits (Lee et al, 
1994} and hamsters {Nicolosi et al. 1993) fed athero- 
genic diets. Conjugated linoleic acid reduces the cata- 
boUc response induced by immune stimulation in 
mice, rats and chickens without adversely affecting 
function (Coolt et al. 1993, Miller et al. 








Oiet«y group 






Control 


0.25% 


CIA 


0,5% CLA 




in - 47} 


In - 


28} 


in . 60} 


Total ho<iy wei^t gam, g 


U3.6 ± i.m* 


m.7 




12Z.& ± 1.43'' 


Total food mtak«, $ 


475,7 i 4,83 


4?'3.4 


± 3.69 


483.1 ± 5.91 


feed cfficicacy^ 


0.239 ± 0.0t» 


0,255 


± O.Ol'' 


0.254 ± om^ 



^Values ate meatts ± si, with the number of ratK in jxatentheses. Within a row, values that do not share a common aupersctipt are 
significantly different « 0.05, Tokey's test), 

^(Uta were 'weaned fd 22 of lacationl from dants that had been fed control or CLA diet during gciitation and lactation, irome^iateiy after 
weaning, rats were housed in iridividual cagM and fed trcatmcm diets until !0 wk old, 

^¥txd ciificiency - gram of body wci^t gait* per gram of food mtakc. 
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I994i, This response is cytokine-raediated and regu- 
lated by prostaglandin £-2 synthesis. It is possible that 
these seemingly disparate effects of CLA are 
mechanisticaUy related through effects on 
prostaglandin Ej, metabolism and possibly also si^al 
transduction pathways; the observation that CLA ex- 
hibits antioxidant activity in vitro and in vivo, espe- 
cially in tissues ie,g,, mammary gland} in which it is 
also an anticarcinogen (Ha et al. 1990, Ip et a!, 1991) 
may also be mechanistically important. 

Fish oil reduces the catabolic response induced by 
immune stimulation [Meydani 1992], but in mice and 
chickens CLA seems much more effective in this 
regard (Cook et al. 1993, Miller et ai. 1994). Bacteria, 
dust and related materials, which occur naturally in 
virtually ail environments, serve as iminune 
stimulants. The cataboUsm of skeletal muscle that 
follows immune stimulation partitions energy away 
from other biological processes. Reducing this re- 
sponse enhances growth and improves feed efficiency 
{Benson et al. 1993, Klasing and Austic 1984, Klasing 
et al 1987. 

Conjugated linoleic acid may be a previously un- 
recognized nutrient that functions to modulate the 
potentially devastating negative effects of immune 
stimulation. Growth promotion would be an expected 
reflection of such a physioiogicai activity. 
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.SUSBacyx The ability of conjugated linoleic acid to prevent 
endotoxin- induced growth suppression was examined. Mice fed a 
basal diet or diet with 0.5% fish oil last twice as much Jtjody 
weight after endotoxin injection tUan mice fed conjugated 
linoleic acid. 8y 72 hours post injection, mice fed conjugated 
linoleic acid had iDOdy weights siaaiar to vehicle injected 
controls; however, body weights of basal and fish oil fed lalce 
injected with endotoxin were reduced. Conjugated linoleic acid 
prevented anorexia from endotoxin injection. Spienooyte 
blastogenesis was increased tay conjugated linoleic acid. 



Recently, nonessential fatty acids have been shown to 
Modulate acute in£'lani»iatory and immune responses possibly by 
changing cellular fatty acid profiles (l). The ability of two 
major fatty acid components of fish oil, eicosapentaenoate fEPA) 
and docosahexaenoafce {DHA), to modulate the synthesis of 
arachidonate and its raetaboiites was recognized as one loechanisiu 
of iiaiitune regulation by fatty acids. SPA has been shown to 
depress arachidontc acid derived prostaglandin E:, (PGE:.0 
synthesis in peritoneal leukocytes from rats {2). UnliXe corn 
oil-fed rats, fish oil-fed rats did not exhibit the 
characteristic depression in food intake when injected with 
interieukin-l (1L~1) {3). This phenomena has been partially 
attributed to the ability of fish oil to block or alter the 
cyclooxygenase pathway thereby decreasing PGE, synthesis and 
altering the ability of PGK-^ to negatively feed back on IL-i 
synthesis . 

CLA ("conjugated dienoic derivative of linoleic acid) was 
shown to be a naturally occurring substance in food which has an 
anticarcinogenic effect on difflethyibeni5(a)anthracene induced 
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inamraary tutnors {i). Recent studies \1>) Have shown that CLA 
ciecireases arachidonic acici content of select tissues. It was 
postulated that like fish oil, CLA may exert an effect on tha 
iitiKiune systettt by esltering product foriTiation of either the 
cyclooxygenase or lipoxygenase pathway. Ttie purpose of the 
following investigation was to determine the effect of CLA. on 
endotoxin induced growth inhibition and food intake depress ion. 
Fatty acid levels ir* tissue anci in v itro lyiaphocyte proliferation 
was examined. 



iM aterials and methods 

Ere:^X^tls}n,QL..CLL.3Xx±Ji!A&i%:i afet;aKmi.B^.felaax CIA was prepared 

from iinoleic acid by alkali isojTieri nation as previously 
described (6, 7), Purity was deterpined to exceed 9?%. CLA was 
stored in an argon atmosphere at -?,0'*C. 

ZiS5ue....Cai.ttx...aaia-A«£sm Tissue fatty acid levels were 

determined by the following procedure. Total fat was extracted 
by chloroform naethanol (2:1, v/v) as described by Folch et al 
(8). Fatty acid methyl esters were prepared by reaction with 4% 
HCL in methanol for 20 minutes at 60 c (9) and ajstracted with 
hexane, Tridecanoic acid methyl ester was used as an internal 
standard and fatty acid jsethyl esters were identified by 
comparison with standards using gas cftromatography (Hewlett 
Packard 5890 series II) (7). 

Moiise experiaiental p r.g.tocoI.t Tfiree-week old mixed-sex mice {U.W. 
Madison Dairy Science Dept. outbred colony) (4 per group and 3 
groups per dietary treatment) were fed a semi -pur i f ied basal diet 
(containing 2,5% Iinoleic acid) (Harlan Teklad, Madison, WI ) or 
the basal diet containing either 0,5% added Menhaden fish oil 
with 25-30% att)ega-3 fatty acids as triglycerides (Sigma Chemical 
Co., St. Louis, MO) or 0.5% added C1<A. Ail fatty acids were 
jaixed into the basai diet following the protocol of Frische and 
Johnston (10) to minimize autooxidation. At the end of 15 
consecutive feeding days, mice were weighed and i.p. injected 
with lipopoiysaccharide (E. Coli 055:B5, Sigraa Chemical Co., St, 
Louis, HO) at I mg/kg body weight in sterile HEPES buffer (Sigma 
Chemical Co,, St. Louis, KO) or HEPES buffer alone. All mice 
were weighed 3, 8, 24, 4S and 72 hours post injection, and feed 
intake was determined at 3, 8 and 24 hours post injection. 

At sacrifice, spleens were excised and single cell 
suspensions were made by teasing the spleen apart in calcium and 
magnesiuia free buffer (pH 7.0) and passing through an 18-gauge 
needle. Ceils were then centrifuged through Histopaque 1077 
(density 1.077) (Sigma Chemical Co., St. Louis, MO) and the buffy 
layer containing mononuclear cells was collected. Mononuclear 
cells were counted on a hsBooytometer and tested for viability 
using trypan blue exclusion, Biastogenesis was measured 
following the procedure of Hughes et' al (11), Results are 
expressed as a DPH index (disintegrations per isinute in 
stimulated sample cells/ DPH in unstimulated sample cells) . 

seiai -purified rat diet (Harlan Teklad, Madison, KI > or a 
standard chick mash) was fed to 20 rats (Harlan Sprague Dawley, 
Kadison, WI) and 24 chicks (Leghorn X ffew Hampshire, Poultry 
Research Laboratory, Madison, WI) for 14 and 7 consecutive days, 
respectively. Control anijaals were fed their respective basal 
diets. After the feeding period, anijaals were injected i.p. with 
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endotoxin (see mouse protocol) antl body weight losses due to the 
Injection were monitored- 

gt^t ls. tiQ S; Data were subjected to analysis of variance using 
ttie general linear Eaode.ls procedure of the Statistical Analysis 
Systeai (12). Mean differences were determined using the least 
significant <3ifference method. 

Feeding CIA to Tsice prevented the severe body weight loss 
caused by endotoxin injection as observed in mice fed the basal 
diet (figure l)» Fish oil (.5% of diet} was ineffective in 
preventing endotoxin-induced weight loss. Within the first 12 
hours after endotoxin injection, body weight loss was equal among 
treatment groups. However, by 21 hours after injection, body 
weight losses in £>asai and fish oil fed mice were twice that of 
CLA fed mice. Return to pre-in jection body weight also appeared 
to be faster in the groups fed CIA, In a similar manner, twenty- 
four hours post endotostin injection, the reduction in body weight 
gain in CLA fed chicks {+1 g/24 hrs vs. +3 g/24 hrs for 
noninjected controls) and rats (-3 g./24 hrs vk +9 g/24 hrs for 
noninjected controls) was significantly less than endotoxin 
injected chicks (~6 g/S"* hrs) and rats (-15 g/34 hrs) fed their 
respective basal diets. 

Mice injected with buffer consumed significantly more feed 
at ail time periods measured than mice fed either the basal diet 
or basal diet plus fish oil and injected with endotoxin (figure 
2). The latter two groups consumed no feed during the 2-1 hour 
period after injection. However, mice fed CLA also consumed 
significantly more feed than mice fed fish oil or the basal diet 
respectively, Mice from all treatments which were injected with 




Hours post eijttolttsin injection 

□ayre. 1^ Change in tscx^y weight due to sndoloxin injeclion 
in mice consuming diets containing CLA of fish oii. 

'Not diffarent from CLA or fisti oti led and control inject. 
^^^Means will! diffemnf leflers are significarttiy different fp<,05j. 
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buffer had feed consumptions and body weight gains which did not 
differ. 

Mice fed CIA had a 1.5 fold increase in PKA-P iiiducefi spleen 
lysiphocyte biastogenesis over basal fed mice {figure 3), CLA fed 
mice also displayed greater responses than fish oil fed juice, 
although this difference was not significant, 

The muscle content of Chh was increased in rats {6.25 vs. 
.94 rag/g fatr p<.05) andchicKs (4.07 vs. not detectable; jx.OS) 
fed CiA relative to basal Ced controls. Muscle arachidonic acid 
levels were decreased in CLA fed animals relative to the basal 
fed cofitrol animals (60.8 vs. 39.9 iiig/g fat in rats and 43.6 vs. 
38.8 mg/q fat in chicks 5- 




6 S 10 li !4 i.& 



f igure J_. Effec! of deeding fish ail or CLA on PHA-P' induced 
spleen lymphocyte biastogsnesis in mice 
•PHA-P teve! .78^9/500,000 cells, 
•'Significantly greater !han conlfol (p<.08}. 
'**DPM sample/DPM control, 
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Kiasing efc ai (13) showed that endotoxin induced weight loss 
was the result of not only reduced food intake, but also reduced 
fractional protein synthesis rate in the gastrocnemius and 
increased skeletal muscle degradation. Likewise, the ability of 
aniisals fed CLA to jaaintain ixjdy weight gain during endotoxin 
chal lengs may be due to factors other than saaintanance ot feed 
intake. Endotoxin injection has been shown to enhance IL-i 
production, and sejsi-purif led IL-l was capable of decreasing rate 
of gain and feed intake to the same extent as endotoxin injection 
(13). Recently it has been demonstrated that feed intake 
depression associated with iiamune stimulation via IL-l injection 
can be prevented by feeding 8% fish oil containing oinega-3 fatty 
acids (3). Fish oils added in human diets increased cell 
membrane EPA {an n-3 fatty acid) and decreased cell Keiabrane 
arachidonic acid (an n~6 fatty acid). The change in cell 
membrane fatty acids was thought to alter prostaglandin 
production and thus prevented body weight loss due to IL-l 
injection (3). It was also thought that a depression of PQE, at 
the skeletal muscle level depressed protein degradation during 
IL-l stimulation (14) since IL-l was shown to enhance muscle 
catabolissR tay inducing PGE,, production (15), It is possible that 
CLA. acted through a siailar BechanisJS and thereby altered cell 
rteitibrane fatty acids and depressed PGE, production. Indeed CLA 
decreased skeletal muscle arach.idonic acid levels. Thus animals 
maintained growth during imiaune stiiauiation. 

Michel et al (16) recently reported that cUi stimulated 
mitogen- induced lymphocyte blastogenesis , cytotoxic activity and 
macrophage killing ability. In agreement with Michel and co- 
workers, we also have shown that CLA enhances PHA-P induced 
lymphocyte blastogenesis relative to basal fed controls. 
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Activity 
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Serial No.: 
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Assistant Commit-sioner \m Patents 



rf.R'f }FirATS.-OF MAH LNC, UNDER 57 CSr l,S(^;i{i)(iXA) 



1 {jereLj i.ertfl> S(wt tbr'a- 




. A,sgeir Sa^bo, siate as ft'iU)v\s: 



1. M> present po^itior! is Research DircctOi, Naiural ASA. 

2. It is my undyrstandinp that the Examiner has stated the foilowmg in the Offi^ Action 
dated iaiiuaiy 25. .2007: 

First, Kawamura et al. provide a nexus teaciiing between weight ioss in h>'pt:rtensive 
patients aiid lowering of biood pressure. It remains olwiou^ to one oi'ordinaiy skiii in iht 
art that tiie nietJbod of Cook ei ai. can lower blood pressure via w«ight If)s.s. 1 he 
Hxaininer did not assert that CLA would have a posit-ve or ncgati\'e on h>periwnsioa like 
ephcdrine as subm.itted by Appiicajit. Thi. Hxaminer asserts that weight ioss is directly 
related to towering of blood pressure, as supported b> Kawainura ct ai., and CI A can be 
used to effect weight !oss as taught by Cooic et al. Secondly, one of ordinary skili in the 
art would have a reasonable evpectation of success becau.se of the nevus teaching of 
Kawamura et al. 
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3. When a biojogicaUy active agent, such as CLA, is administered io a subject there can be a 
variety of effects, .Tust because CLA causes weight ioss does not aiso mean that it would reduce 
hypertension, A person of skiH in the art vvouid not rea.sonabie expect CLA. to reduce 
hypertension for two rea.sons. 

4. First, CLA has been shown to elevate the level of F2-isoprostane, 'Tayior et aL. 
Conjugated Linoleic Acid impairis Findothejial Function, Arterioscierosis, rhromfaosis, and 
Vascular Biology 26a\ 307-312 (2006)(altached at Tab 1 ). F2-isoprosTanes have a 
vasoconstrictive effect. Cracowski of al, Cardiovascular piiannacology and physiology of the 
isoprostanea, Fundamenta! Si Clinical Pharniacoiogy 20{5): 417-4-27 (2006)(attached at Tab 2), 
'WkQn together, it should be expected tlmt adnsinisiration of CLA would result in an increase in 
blood pressure, 

5. Second, administration of other agetits known to be effective for weight ioss ca?i result in 
increased hypertension, Ephedrine, a commonly used, biologically active welgiit loss- 
supplement is one such example. As established in ilalier and Benowitz, Adverse 
Cardiovascular and Central Nervous System Events Associated wiih Dietarj- Supplements 
Containing Ephedra Alkaloids, New England J, Med. 343(25): J 833-1 838 (2000)(attached at Tab 
3), ephedrine can cause an increase in hypertension. 

6. lire Examiner's argument that it would be obvious to use CLA to decrease hypertension 
because CLA administration aiso causes weight ioss lacks scientific merit, Fiow aii agent such as 
CLA acts in the bod}' is complex. Whether CLA causes aji increase or decrease in hypertei^sion, 
or no effect at all, is determined by a variety of factors that have no relation to weight loss. Jt 
is not scientifically valid to draw a conclusion that because an agent causes weight loss, it can 
also be expected to decrease hypertension. The references cited by the Examiner contain no data 
that can be interpreted in this manner. 

7. i fnrthfcr declare that all statement made herein of my own knowledge are true and that all 
statements made on informatiori and belief are believed to be true; and further that these 
statements were made whh the knowledge that wiilfti! false siatemenls and the like so made are 
punishable by fme or imprisonment, or botli, under section iOOl of title \ t of the United States 
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Code, and that such willM &l.se statemeras may jeopaniize the vaHdity of the appiication or any 
patent issued thereoii--;?^ 
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Dale: [Ml-I^A . 2^ 
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ABSTRACT 

F^~i^opro&isntp art a compiev J^jruiy of t-0JTigfHin;<.h pa)duct.ft from siachLidojijc artJ 
Via a irce radjic-rfi-catah zed irntiiaassm Trseir qutijitifiration rts a iXithophysii^iogjCfit 
momarkei' provides* ti uraque oppoUunity to Invej-Ogate i\\>\a \ eroxidafton in rasruiar 
disca?c^. Ihcu inea-jaicrneni alMj prfnsdes an !ntei'f<;img hiomarkpr foi the rafonal 
;]vs^ seiectioii of anUexiddnts jr. vascutar diseases wheio oxidativ.* stxeps ixngiit 
be tuvoivtiJ in .uidrtion to their n^e eiomatker?, ^onie isoprosranes p<^sscs3 a 
hfoiogicjJ jit'x'tis- rhe i'l-iene V,- aa4 iJ.>-is-opro&rr4nes m^dtate \ aoCCfins.hricunn m 
difOvriu \,}\voUt b(*d& ,JTK! sptLk's. lu riddinon, , -JsoP iiickRcs ^simoth nn.>sc}t; 
eelh mitagi'-nt't.is «>-J riiorj^cW -sdhti&ji'i ti-* (^lultuht-lKit ctiK Tbt- dat.. avatldl~it 
suppotb" !->ui dcx^s not pr.tve ihf tivpoihesi^ iiiat i!>opto, tci; o-s an- inx.fv?vfd iri ^asoij^ii 
phyf=ic>k)}rv .4E <} pathoHf'Jif fris. 



mTRODUCTiON 

Jsoprcisiaiies; ate a complex: fatnijy of compounds pro- 
ducifd iVoni aracbidofii;; acSd vXa a fee nisficfsl-cataiy^ed 
aipchanisiin. hi \rUrC( getieratUm of Kiiio-oxldiitkin prod- 
uct? derived frciir; poljmfisahiratisd fatty eckis was 
described more than 30 wars ago {\.,2\. tlowcver, (he 
firs( demonstration {hat these cortipoiaids vx>cr? produced 
in hnmaiis was shovsTj la \ 990 by Morrow et ah [31. 
vi'lio rcpori^-.d the diicavery of prostagSaridin-Fj-tike 
eompomids, termed F;;-if!Oprc!ai«ne=. gfir!orat,ed by free 
radieai-iuiitKiid pem;<idalion of aracfndotiio aciid, Sitice 
thai iJEJie, f-'a-isoprostajncs '^ave befiii tiscd exteiis'iveij' as 
clsfjica- markers of Sipid peroxiiiaiion in (■ardtot'aseolaf 
disorders. These cron!pt)iinds are !iot anU biomarksrs. 
hideeti, the iS-serses P^- atJd E^-isoprostanes possess a 
pharn^acoiogica! aciivity on rbe blood vesssiK. 

ISOPROSTANE STRUCTURE AND 
SYNTHESIS 

Depending on which of the labiie hydrogeti atoms of 
arachidontc ycid ts first abstracter! by free radicais, three 



Uiitial arachtdonov! radicals eati be formed fPIiowing free 
radical as;t3<ik. Those radicals forni four prostaglandin - 
H.tdike compouads tisat can then be fu!5y reduced to 
!brm four prostagliiodin F,-;^ regioisomere {fujvn' 1). or 
rearrangEK] to form profitagJandio and D? rt^gjoiso- 
mers. Twa nje.chanisms< htssed oii the ibrmatkin of a 
'dioxetaoe' jriiermedsate, \i& 4-tv«-cyc{!2ation or a 
jH-iVagrtientation i'oiioiveid hy soccessive 5-exo-cyeUsia- 
tioos have beeo proposed reeetitly ibr the forsnatioti c;f 
these coriipoorids {4j. B«cai!Se each F^-isoprostaije 
[egioiSOTiier coniprsstJE eight diastereoisomtirij, (A diiler- 
ent Fj-tsoptostaneK ctm be gt:nerated. 

JiSOprostiiJies were fornieriy tiarned ai.-i.-ordiug to the 
prosfagkindii) f^s ciiereiieaJ strijetiire. They ditler iron 
prosttigiaodirjK hy the c/s-sterenctieiuistry of the five- 
jrieriibea'd ring iiiiiction in.sfead iii' the tn{.'!.<;-sterea-- 
che.m'isLTv' of the prosiagiandin, p?-,. Becaij?e Ihe Srst 
isoprostaries described were the i5-series. they were 
formerly named according to this major differeuce, the 
ijrst istiprosiane being nat)ied S-iJf-prostagtaiidui F^.^ or 
8-i;pi'pr<5s;tagiaiidin tS„. Howe^'er, such a rjorocnciatitre 
does not allow ths differentiation oi the numerous 
isomeric stractnres. Two tioirtcuciatures were proposed 
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AracSi'dofttc acid esterifSed to phosphoiipids 
Free radical attack j 



Arachldonoy! radicals 
Peroxidation \ 



H;j-tsopr£retaoes andoperoxides D>-isoprost3nes — ► Jj-isoptoslanes 

Af"^^ ^ £;.-iso{ircstanes — ^ A,-isoprostar!es 




8 tSlastereoisomers fncfutfiRg: 



t5-F-,.-isoP 



{type Vi) 
8 OtastcrcoJsom$r« ificiuding; 




range;! fo fbt fii pro.^tngiandiri 
s ran be gcnsrateci. 



rec:ej3tij': both cti' which eaabie ijn isasy cJiilereniiatioa of 
iiic isoprostasK; isotnstt;, Taber efc ai- [5j fKunttnciaiurff 
WEts fiial 'A'irti the tac;oian(«d NonjeTid.itate (kimmitice. 
aud ai)p£Ov«i bj' the Inteiuation;3i tjnioii ;)!' i'ur<; and 
Appii(?t3 Cihraiij^try. Rokach el al, [6] :s!so proposed « 
iiomeuciat-ure thst enabSes tJio litSerentlaiicin of ihe 
regioii<imt-r--. 5» 3y<-1"', ihi* nonsenciaturfc vras tnodified 
to be cipp-icable to tsoptostane-Ulce compounds derived 
ironi ek;osaper!foe:cKJ!e and docosahexaeuoic a<A&. Twh 
coi^eomttfiofc use of these three diJTerent nomenciauires is 
confusing foir the aoiispeoialist, and we propose that the 
oid tiomeaciauin" {e.g. S-isc-proitBglatidiEi be defhu- 
trtvely abandoned, and Shut 'i'ab?!-'? nomenclature be 
encouraged. The dUierent iioitjeiiciatures used to naxiie. 
the main tsoprostaues are gtveti it^ f igirtf 2, 

Several Sn vitro studies have stjggested a cydo- 
oxygeuase fCOXl'depersdsnt foroiatiOR of iS-FjrIsoP 
|7~5}, An eflkient in vivo pioductioii of ] 5-F>r^^''J' 
tbrougli the COX pathxvay would re*3i!ce its aci-.nracy as 



fi valid marker of lipid jXTOxtdytion. hi coairasE to tbf 
ill vitro dtita, tiiijiaii studies cieatiy showed that COX 
inhibiEion was xji-abk: to dtscreape i-he Ibnijjfiiion of 
t">-isoprostauHii in health j' siibjects as vveli ivi patients, 
.-suggesting that F>-isopros,1afi«s .SLfe formed via a siosi- 
COX-depiiViden! rned)£u:ii.s«! vsi vivo [10~H], Fo.rthet- 
aioi-e, in conditioti? of iiicrejised COX-2 expressiou 
follovi-lng intravenoti?; iipopcjiysjicciu-irid? <;!iaiiea{ie. the 
Ibriiiation of lS-F;jr'soP and cif 5 -serif s isomeiT was not 
afiered by CX>X inhibifore iri healthy vo!iiiiie*rs, whereas 
prostanoid production was; decreased, fui Lher suggesting 
a C''"5X-hitlcj)etJde!it pafhwuy of Fi-isc pro&taue synthtsis 
[1 .5], Pitialiy, an in vivo COX-depcudcnt ibrmation of 
iPi-2-ni has beeii shown in the ra!: but tsot iJi liuman.-i 
\\% Altogether, these dat.g siig^,est that aMiough a 
C:<; iX -dependeiit forraation c.<jn he deuioiLsttated in vitro. 
thi;5 does not occur in vivo in hiuTsaiis, iiieauint^ thai 
j 5-F^( -isciP fts well as liie 5-series ifioriiets can h& (.used as 
bjomackers; cif iif'id piiroxidation in vivo. 
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ISOPROSTAKE QUANTIFICATIOM 

QuJinUik'fstion of F:,-!i>oprosrarte3 is usai ?.s a ri-'liabiL' 
marker oi" iipid peroTridatior. ix\ vivo j3 7|, mtCi sevcrsl 
«ie!.bods ;}re ciirreni-ij'' used [IS] itidutJitsg gas; chro- 
mjstography -GC) - mass specrroiiietry (MS), which (iiight 
b.ii nssociatod witii m. mmiimGHfCmlly fixicaciior!. GC- 
UmcSeir- M5>, and itqukl c!-i!-ori)alL>graphy-t;indeni 
'These lacthod? are reviewed iii deiail ehewhere []9J. 
Thej' arc spLY iHc bus: £bdr cusi and tectmoln^y IhrM their 
routjjie USK, McaKiiremeri!. of iiriuEiry i 'i-{-\>,-IsoP hy 
radioimmujCiuas;s3>' ha;-; b<seo validated find institutes a 
valid snii easiw aif.Krtiativfi i.n C-iC -MS [20], 'Uraymc 
tnmiuooasstij'.s ii<-!i'e aiso been c!eveki>)fid io measure 
levels of Fj-isopcosianra biii the anrtbocJiss iissd have aot 
been tested foi- cross-rejictivity with die uuiuerous 
Prisoprostane if-orsn'rs auci fheir tjieiaboiites. The results 
obtained mmg etiayivw inimuiKiussAys sosnethBCS dtKer 
iron; those obtJiiued usinii QC-MS assays and therefon-j 
!mirm:riLi!issai,-i; shonid be considered as setiii-iiiiaittiia- 
live [ndic«^ of Fj-isoprostancs. 

VASCULAR PHARfiSACOLOGY OP THS 

isoprostartes are f'orrtjed in Kitii on phosphoiipids, at 
sitea ol free radica! genej-ijtiort. Orioe reieas.&d from t>M 



merabrcities by phosphoiipases. isoprcstane.s eircuiaie In 
!;he. (.([aiina in free forms- and are rherethre susceptible io 
activaUi metnbraae recftptOK?;, Most studies have iocu&eci 
on ihe. bioiogicat acin'ity of i ^-F„>t-lsoP, the i]r.st isopros- 
tatje coififnercially avaUable. 3 j>'> >^ vasocori- 

•i!ri{;(or in most species md vnscuinr beds, both in vitro 
and in snvo, fo\lowm% intra venotjs adtsiitiisiiatson {s.ec 
{2 i ,«2] for fufi reviews}. Thefe canstiinor properiiet, arc 
liot ^pedSc to the biood vessels xixi ixsix-e heeti dem'jfi- 
strated in tbe iytuphstic vessel"!, s.he broachi, ihe fiasfm- 
intesfeal tract atid tiie i.t!eri}s. In addltlots, it siifntjJtstes 
nsltogerwsis iri nteririe vaiicitJar srni>o!.h msLscle ceiis [3 3j, 
The available dala .-irtongly suggest that tht: eft'ects of 
l3-t?2risof Oil blood ve^ssel.s are inediated by ths activa- 
tiort of Uic TP receptors (Shiotnix'sa'ie Aj/prostaglandit! 
H? KceptQs:s}, acting a fiii! arpartia{ agonist 124,2 jj, 
aUhoiigli some re&pon.'jes itjcintiitij; mitogenesis appear to 
be at iea.si in part. TF receptor indepsiident. The existence 
of a speesfio is!.ipri>sf aoe receptor has been suggested but 
rKfiiains U> be ehiddated (26], hi addirioit, prciiiiunary 
data sssggest thai isoprostanes, a? v.'ell as fheh- precursor 
arachidonic acid, ore other ispid ligatids for the peroxi- 
some proiifcrator activated receptor.? (PFAR) [27]. 

The e&cts of 1'5-FirlsoP on p!steie!.s are i.'!>tn{)iex, 
Whesi iticubsu^d wSUt stibthreiiljiikl ccjncentratiotjs of 
ADP. throinbin, collageii and arachidonic acid, IS-Pj^- 
JsoF causes irreve.rslble platelet agf.regt'.!.ion, depeiident 
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m thioniboxtiJie genantioii, while l"-r2jNoP aiooe 
ijidufe^ wcrtk [ei'er?ibi<J dfSiffaUUU otiij <it high 

at thf pnj-Artnokl 5F reccpiot (^n pJ^itetefs it iitight 
laiisbtt the pro ji>5!i t^gstorv c'feK <ii ruepkn i-tutiu- 
Kifioi! i'ldecd !ii buinan whoif^ blooii. 15-1 -riwP is 

intiftKed isoprobtfiub futma^ioii is one c! {hf fdcluri 
!ri\(>hLHi m asptriti re&isf csncc but fui! dcmons-iieiiiuii of 
this hjpcthesis is not .n,<5(?aHe t<t d.itp p>0~-3>] 

I'F I ho}'-mduccO tontiactioti is. oiodulau-d hv tiii? 
fruJoUieUuii. tJ^i ough ihc ivleasf- ot M ) f p endotheimm 
reir.nidl uKTocnds 1 S-F^r^t-ot' i.ontifif uoii [J i j In acidi 

erntotb3h0-i reit-ase iuim cnduihUmUplK (/•'''j"'f "1 
tompsnwn wnb fiie huge kUui ' \ ^iiEabif for T ^ } jfl-^oP 
Jlv/ aie (iVfdlabk fo: otki'i i<;"ii!ors Ntverihfips^. uther 
lioptObtsnci beiongmg u> tfe IS bmfi! of ihf F fjiuib 
isopTOManes, !.«cb d<( ^f-cpi-H Fj, IsoP auci 15-epi 15- 
Fn-IsoF am t'loiogfo-any active ditbou}',h less potent than 
l'5-F2rI^»P [-11- 'ibc S-senes < nJ H ^mej hVisopni;- 
Uncb <it-e p)uJuLtd m jippruicimaTeiy equal rfmounb m 
v!v<) whereas, die 8-serie,s and li series F^-ibopi ostanet. 
<3re pjoduced ni In wo amountvS ^■^•■t■| nunirio iiruie 
and plasma ihe ?-scnes (f' g ^^-Fit laol' and 54 . !soP) 
\v<is fouaa w bi- the most abutidaul l'\-isopro&tnnrt \ ^^\ 
Both tt\e I'i-srTie' diid the ^-series are ensil> dftiHt.ib!t. 
in human uune tiod piahiim However. 111 contract !o tSie 



3S-scuei r , i<.op! OKtaiit^ the 5'Senes , i-opio^tanes 
ha\.' no V i onioior elJect in ditinent irpwes ai'd vascu 
la: bed<! |?t>] and a? sul[ a-r o-jbkd) t< be dumUco m 
thf patlwgeaesii- of ^'a-jcuUu d]<.faseb In <?ddi!t.i!i ta the 
iay.t<>nai*<.ti'r and mitn^cuK eneUi, l^i Fj, hof ana 
!SI;,-!sor mducr mono^sti 3t'!!f;siou to ciidoihclkil 
cr-iK 1? "Sj, whereas 1 5 Fn l&oP &(l vatni 
ofrap'tlneutiophil cidbct'ina t^^^] Pu!lbt,nnow l^-F;- 
ist P [fiduci.^ ^ertbi.iJ ctidoiht^iia? c<A\ deatb [10} Fjido- 
thchal L.<ms ote one fJ-ie bri>t kirgcK vKidrtii\e si e-j-? 
ni atberogeiipsis at d ischemia-icpeiftisioi! i\\)\\w ^Vh'i 
tber isoprf Manes ma> be one (A p3th(V,e)!!C mediators 
remains to be tested. 

Compared with rhe Fw^iiptoiiaues, IViiopi 0'5tdn'=-s 
iifo ino:t, pottni m v\\w 1 t F^. T'.oP ts wore potent man 
i^FjihoP to '•>-?fr-mic and pulmonary ^si-ds its 
cntitnacuon b< »»• ntt^diatwJ thTuuijij 1^ rectptor, and 
EPj receptor ariivarton iti the puiraotjaiy vtijci'l^aitre 
\i\Al\ [n ddditiou, i'-E:t-iboP may induce & itUxa 
ti^jn tiiwu^h EF tdaptors [-i/j Houcvoi bttausf- 
no data .see avadibte conrouimg tbt production 
Ki-!i>nr)rost.±£3;eSi m oatdKtva^i^ulai disorderb. if iS piettia 
tuie lo tondude cone«miig tlic pntetitiai rife <>i m \ 
compounds in cardiovtibuddr pathogene*-''b 

One !,houid keep in mmd that Mut row et al showed 
[ 1 \\ ihat K (-tsotliromboxdiiej Aie formed in vivo Dise to 
the inherent tnstabtht\ oi ttie thromboxanr <\t no 
daif s-noteHititg the va&cuUr eiffct' of A2-i'5othrotiib 
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oxarte.'? are avaiiahiEi However, regardiiig the poteii>.'y 
of ihjNitnhoxaiK'. A^-indtJced con! rartioos, stuiite^ sifirig 
stsibift A;j ist)t!ifo)i;botaiies aaakigties are invaik'd wifh 

To dme. siie. ntetabolbm of t5-Fi.-isuP leads to two 
nvdicr jneiaboiites in humans: 2.3-diurir-.lS-F.:ri>yF' an^i 
2, 5-d!nor-S,f-.-{i0^ydro-lS-?2i-^st^P [45,46], The mt;Uibo- 
tite 2 J,4. S-tcti-anor-l J. H-dihyck-y- 1 1 %-V2rh<}T' 
was kkaUOoti the sjiaju!' (■EieJiiboiitc in rabbits bof 
thwre is !\u ex'kk;fJco ihti! such a iitctaboiife is produced 
in hitRiaoh. Aithough most prostanotd metabolifes ciie 
bi*"iii>jiicaiiy ictacUvc, sui prisingi)', a ' scent re|.!CJ)ri showed 
ihri! 2..^"<{i(!or-';,f}-dihyd!o- t S-PicJso[' ftxhibits rontrfic- 
tion ilisi )fi «>n!pambk' >vtth that of I S-I'jj-isot' ia 
pcsr(;ii!i? brnin microws'seis. f4:'ij. By coritrasi;, is'iiikc 
neiibsr 2,i-dt(K)r-^,,6-dih\Yii\J-l S-t.cJsoP 
mr l.i-ii\noT'i5-]'<Asi.>? had any <:oiis,iric!or ur di1at:or 
dSects on the ra; djorsHjc ftOita Such disparate 
ob«T\';.i;ioris Heed to hp !u"in'r invest ig.^n.'ti ti.; tkfiVrt'itt 
sp«;ck't. atics yasjcuiar beds, 

Rci-XnitSv. isoprostatio-liisL' oomfjuitiKi;-; derived i\<mi 
ejcosapej)t3t;iiok- aud silucohiJheKiseiitHC acklii hax-e bei-a 
discovered iu vivo ['50-=>2), Amooj.; t;;e PriNoprdHtartri.--; 
fomiifd, 1 5-F.ir-^-'*'-'>^^ po&seshe^ wther sk; biokigiaU e.^^eci 
or txiighl. hiduof? n weak iei;i);a{icj!i in huniais fiirwayy, 
PrebtTunary data suggest tfist bV^<?i^^fprwf''S"''^-'' 
no \'ascuii}r effects. 

ISDPROSTAr^ES AS A BiOiUiA^KER Of 
tSPID PEROXSDATiOPI m VASCULAR 
DISEASES 

isoprostaucs fjave bocii jucasured ia biolo^^icai Ikikk 
such as urine, plasma, a^hatecl breath oondcnstite;, 
btxiiu'huaivcUariavaijf 0utd, biia, terebnispiiia!, «:fniria[ 
aud fKi'icrtrditrd fiiiid?:. They ace ctlso deteciabk; in nor- 
tnat Ussuas, iiifiuding mnbiiical cords fS'-fj. The main 
adviintJijif ai' urinary n\C3Kuremenr? is that both 
lS'F;,-lsor atui ^-rji-fcoP are nor formed vivo by 
auto-ojctdahon in mine., nt^bke ui plasnia SvW.pies. 

Cigaretf? ?inoklng was one of fb.e ttrft condittons in 
whici) an 'in-.'iCAii^e in i'j-isoprostatje lnvi-h vvtis detnon- 
sfrart'd [S4j, 'i'hi;; iucrea.'ie ts. rtduced aftci- 2. wcdis of 
ahstinetice froai smoking [14,541 urA ;^in!^;st reAchcfi l.hf 
Viiiues of iRi[)SiiKii;GL's 4 Kenks Jiftur quttilag Mtiokinj-; 
f5i5]. Short-tmt! cigarette bniokitii.' incretiset. t.>.haied 
breath ;.-ondcusale FirSsoprtwiane concentrations [56j, 
but not piasma ievcts of F.ri3opro,stano {'Al Restarting 
sntoking aitev quitting stid pas^stve stnoktng arc fissoci- 
aied Vi^th sn increase in ptftstna levels of i'^-isoprostaiie 



(57.581, lnt;cresthiiily, 1 S-i'>risoP ooncyaU-atkHii; v.cfti 
ttppro:iima!cly twice hi^h ir. ui;ibi!ic;j| cords from 
>\ewiJort) babieti of suifikinj? i!)orii«;"f: ciXJipareci vnf!) 
ihvjsc of tsonstiiokiop, oiothtT.-; [-^5], Tr'jiether, ihese data 
provide evidt'iiaj iUai oigariute .sniobiog i.'; ;is.«£X-(ated 
with u chronic inerfEiseif itpiti peroxKlEitioii in vivo. 

The nit;a^'uremen{ of isypfoHtati-.'.'^ in biological tlmdn 
has pronipt<-tJ cbtiicai it^ve^tigarions ot^ Uie pathophys- 
iokigicFil roic of kpid peroxkiation in cardiovtisciuav 
diseases [table II Among the bioiogicu! Sttids available;, 
most smdies wero pcribnued on urine because of the 
tioii-tru'asivctjess of the procodtiic vuid tiie Icick oi 
arriractital gcrterailoit, A sirott^ iirui btlwceti kpid 
pesxJXidntton and i'«srttiar disca^us as-iociated wttb 
j&c'}\einia~reperfu,'iio!3. aihcri>i.i;lei\fKt? and irtfiaromarion 
has betti t-tuitic^i^u by the debited L'\t.is «' lipid 
pt?roKidatio[i ob,ser\«3 in such disea.-ses. 

Srs tKiditiori lo bdrig a pathopiiysioiot^ti-'d! iriSfke'r. t'te 
v[!ianiiika{!ot! <!r r-j-),sopt(i.s!arir.< rrnght leprc'-'eni a 
projinostic. marker, bideed, Schwedhcbn ef ai. 
showed in s ..;as;c -eonfroi sriicly that urtnary 3 5-r?f)sof' 
level was 3 Strang itidependerif r.unren* ration -deperident 
risk niarkec ofeoronriry heart disease, in nddirion. iberc 
h- a reSatioiishtp betvueen p!a?.ina i.'..-Lsopro,'5!a!:i?s uiici 
early dfivebpmmr of coronary attei) cali'tfications j6Ul. 
Tberf are currently no pubiislicci ctinkal htudic;; aimed 
n! tcsfing 'tsoprostanos as a k)iig-!.t:rni profitiostic marker, 
wjiti .strxing cudpoiats .sitcb as rnorlaiuy <>v iiiorbidiiy, 
but cohort siudle,s are i.>ti-goint!. 

ISOPROSTANES: EfWERGiNG ROtE 
IN VASCULAR fKYSlOtOGY AND 
DISEASE? 

An imporiani isi'iie to resolve is whether the stuue effects 
observed in s'Uro tire ob^ei-ved con-sisteniiy in vivo at 
pf)yslo!ogi.7ai concentratioas tuid wiiotljcr iliese eiioci* 
contribntc fo pathological states in vivo. Basal piasata 
concwUrations of 1 S-F.n-lsof have beeii found lo "■srigc 
from approximately lu"-" to 5 x 10"'" mo! h" ' in 
pja,i!i!a sampk'S. These contenlrattons aixi tinlikcly to 
induce a sysfetnic va^oaotivc^ ufftct c-insidenni; the 
i.'-ilues of 1 ^-F.,-!s(>r observed in vitro {it i ,61 1. Howewr, 
ri-iNcp[o,«ta!teK are celea.sed at the site, of free radica] 
injury und thi-.n dihtted in ihe rircoliilion and tliere- 
k,.rt: kjcji! ccjnrfintrtitions miglit be sufficiently iiigh to 
induce regtotiai vasocotistrictton, Ibe concentraEions 
of I'^-F.-t-JSoF and 5-F^,-i^cii^' 'ire iacrea"=ed niarkcdf.v 
in iiie coronary smns folJowiiig cotonary augtopla^ty 
[62]. tfowevcr, ! 5-F2;-IsoP concentrations are ai the 
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sU'JiDt )o5.tt rAngs\ find thus uiilu^oi\ to oiUnhutu: i<i 

f"V*^! , TP r5.C(*[>tiir auUiyon st,. bot uoi ai.vj in ^rt- eiVci tut^ 
bhotving thLt TP rei,i*ptnrs Hoi^srfidf by Sliih^^ )v 

with nt.itnin L lei^rHs. lativnitjs'CSis in the ■satm' .itiiiiii! 

KiTitS'Hi, -lot COX-2 maibuiois prt'eutcJ paitnoi 
irv hypoi :!:n=:i>via niid etidothrhu I cDreguktioii ni M\ 
0 - »i( diaiotJ j^^t>il«Oik"i^ v h\ ^cix-isisa^n U' new t Jins rtjts 
;<,,(,] [tj jd'iiduii to ^h^"^" aittrad d^U'- <-i .(.-ceni tiudy 

{1 'ftylt'idji'icMtiJuicd viJtd fioAHTsed-afc^ losodiifjiion fr 

eiidi%err>Ui. TP tTCfptT dYi^ancn iiiciufd bj i'^-t^t 
Hoi' O! othe! Kop-i^iiar.' ^ tii.J''/ be irvolv-^d t,i the iWi 
vidcpn-idt^n: d'ects oi 'IV re^<rptor» -jnfij.wjvts- fohj 
JioV'Pvcr. tv\f!.ise iT<"eprorj s.b''ir<> other eociogennus 
hganJs fijoh OS ^noptvigiandm H. ur hydroxyeKOiut-^- 
Je<'ip)!<>!c ..nds lilCTL-.), fuch dfstEi ^tva itxcnzth to (he 

pbjf-'>>los:i <iiJ pc'jJio&cacS!?, but decs mi cnsoSt a 

teii e<iSi, yoc Miould a<^\. foiu> orjtv au ri-F>ri!>0'^ 
0\t^z 1 ^-se- F,i-i30piDsUfies are bitjl<is.n.<i]lv <xctwt.. vis 
wHi ?j-!,wpto^Uucs \22'. and iuni^' liAd oi !>-iv<'sUga- 
b(.iu» t«s. bUU unexpi'^red 

JSOPROSTAftiES AS A 
PHARMACO10C3KAL TOOi. FOR 
DRUG EVAlUATIOSi 

in fbe past dsir-tide, iKost attsiiiicsrs haj fccascd o!i the 
effect «f «!.[ ai)tioxid;\!it thcrapeuiic sUafegy. kic!i,uBiig 
the use tifvitjinuii £, h\ cardkivaKCular asid iiephroiogical 
diseases, with iiiixed nisukt.', Mcasuremexit uf Fj-isopros- 
tpjk-s i:Lttre!iil,v re^.'Stxst^al.^. a vaisiabse phBrfnacologjCii} 
tool kiv ihti Kva'uiiJjon of iJtJtjoxidaaS therajiy, and 
sbouid be ussd in ihi- tfjtiDnal sfiltictiou of antkixkiant 
do;;;iiJes. VsJamir; R siip[jSetnH!itat,ton tiK'iJti^ed ii reddotkiii 
yf ^iririBiT ] 5-F'.;t-!scsF* ievds it) pafie.ots with cystic 
iibrosis [<')9j. fype 2 ditsbeies [ji] aisd iiomOKygous 
bomocystimirir: |^70], but not in pafwnfs with systetmc 
scierosls [71], in. additioii, auch a reductioa was dose 
t'ej>endeiil. ia hypcrcholestcroleniic patients flOj. The 



vslciiXtUJ r depesnftHit redui tuiEi ! i tli ciKKeuicdiiOu, (>! 
F> iM>pt»stdnf wKs. vi'isti-E yrd in ■^iintt'id c i!Kiit'i>£is i>f 
enhanced .>x5ddtvt stre^i, Bv contrast sujjpk'jvwitat on 
wtfi yit<^jpin R had «f> e{;ccu on F >-s,;.i[»! o'ltinie Wvi>k m 
e.tho' trodexaic ng.uettessn-ket''! {72}, or ht,ol{hv,idjhs 
[7' j} in ii^i, latrtr studtes the ^upjiici.^entanon vvs's- 
fiswisted with {s signifH-aiif do'ie-dept.ndrut iU;.R0Sf" m 
i-tn'ilntx^ (.oi\i:ntsm<.i\$ of Utanici b la addition, 
v)t.iirJ!i h ■=!iii'pk [Jio'iuii ioi" 'li agOTitv. sriuki.f<; on a 
hi^]\ polvuribfit't'fstcil tstjy i-'i.id isct cauoca aa lacrea&c 
i.i tbi f!-.Mna hvih o' F> j^u-ioGUtii; ["4} Tog>.'thej 
lhi%e ;>!sjd>cs SI ggt-vt tEUi! v itd'x-n^ t '>,r,\->iinn..'nUihou !i<i-> 
iint!t)\idt{)i! dJetts is! pi<l!ei!i popuivs' ioiis tbaf d<e 
utiiUvSi^h'n/cd by hi^b mic^ oi lipid pt'f (i\'daftot) i'^itng- 
n<mi ef ai iTJl bvpo!ht'si?t»d thdt fbo bastsl tt;f<" oi lipal 
pcn'Xf dsn fori i^iJiv 'x- si'p^Didni ikJonu'iatH (tf {I'e 
)-f">pou<ip fo viiJiiiiP P '.i(i>'i-lf*mfitar,c>n mui couiu 
fxplsdii th' \ ,-irE<il'!!» eiV^K rf vt'fijrin! V sU);-">ie]i>mt&thy: 
!i fiiiiioa! t'ltsK s<:<ve(a! itudu-s fivot stxl> 

hvpothcsH f)i!d i>Ptii((\ei\! u lb ),.v.jtel>i''t a vitriUHivr-- 
ika fiiJtoxtdfiiii iiscliced a bignjtirr.nf icductwn <A 
jiLsMini £ou.ft3tr.jt!tj\s c-f 1 -^-fjrf^or i\ type J. dtaK'tt,*; 
bm bad u<> tfitr-t; iti bt-altJiy suLjea'; ['^-•] In adiavjuii, 
\iU"itii' ( i.'tpp!t'fiiOii*<ifWi 'ViJaccd uiiti'itt { ^-f ii-i'>'>P 
it'Vfi; .15 pa'K'nis ivrh sicob*. f b], <'U J ■^hi'jtur dkuhoht 
buT di;e'is.e but not in pfi'ici^K <v.iii jep jtitisCtiiibi'Ois 
W %\huni f ndogcnou-> ^iUaun jod 1' i^-mu alj-jiK its. 
did !kH sij^nXi: I'ldj ddVr Lf"Ti»t')od r'sdi (onL ois [77j 
I-urlheatKitf, titdmin t' did mH d(.')eise u' iiijfv 
} isonri «,s' ane ,ipci tk'! di. litf ievei^ tn ho.dib'i' yoji'i"; 
"WHiirti [78j -i.id in vouTjj-! f-abtfc^s 'uSSi ,i btmteJ 
hiito)y oi u>>aietfp ^t'Kiki% 179] jngeibw tJiese d<lta 
sticngthtm ihe nc^A Jn mrarpOTai*' tin 'ri-MiinetRfiif of 
M«to>^<i5f f=nd poiiits suri) a'? t'- t'-op )sttJt)fs ,ti icij^t- 
Sf^JiJi^ aiitioxid.ait obtJita] tn-ih 

Lu addiiion to 'iiai? (.Viii^uitina r. hcofiti.on mcds- 
iii"ement coidd be used to t-esi the arit(oxidtu:i£ proptxties 
of tiic diet, Fj-isoprostant'- levds were d(?cre;ijed iciiowiug 
supplsuieniciUon with ticoijaptJiitaiKioii; acid or docoxii- 
hc'x&eaoic acid [80], fish meids m diabetic p<;tisnts [81 j, 
(liivs oi{ fS2i, soy-cofitaiR!?!^ isoihivone [Si], gjs^tpficho 
[,84 j. and iJavanoi-rich cocoa [8Sj. 

COMCLUSION 

b'Sopiustatjes are a eomplcs fenidj' of coinpovaids pro- 
dtic.ati hxiin aracktdoo.io aciti via a free rc-tdiLcal-eatalyxed 
liiechiuiisiii. Soiuc; feoprostanes inditcc vasccoo^trictiod, 
iiiitogcacsis atjd tnonocytij adheyioo, Tiie Ciiiaritsfica! ion 
oi' Fj-iiopro.stane-;; as a pathopbyaiubjgicai biofiiarkcr 
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provide.'? ii iiiiique op^wrtiinily to hivesUgate lipid r'er!>x- 
itiaiioii in vsiscuiai' diseases. 'rh,e)fineasur«iineni: proyicies 
an iuti?restir!g bionirafer \'or the raiioaai ciase: ssiectuja 
of ani.U>x!da)ils in vascular diseases whtitx^ csx-iciaiive 
riiress msght be invcilvcd. Tiie iicit:£i avaijabJo supports. \ivA 
does, not prove ihe hypotliesis tiiat isoprosUiaes are 
invoJvftrf in vascuiar physiology and pi'dhogciiesis. 
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Dwt md Murine Atfeei-osctemsis 

Godfrey S. fjsiz., Catherine A. Reardon 242|)[ 

Miiritie- models of attjeroscferosis have been fed a variety of diets tfiat vary in the level of ciioiesterol, (he ievei lind type 
of fatty acid, and ihe absence ar.d presence of choEaie. This rs'.'iew suiiimarizsa what is known about tiK: «(fe<-.[ of these 
dietary coEniJoiieius on lipoprotein Jevcis ;mi3/oT atiierosciercsi's. 
SHioktng, iVXetalioprotdinases, and Yascuiar Disease 

Tcdd S. P&nstmn, Rickard T.Lee 2«0 

Tf!!; niAErix rneiai!oprot.&£r.a3es are emerging as strong candidate mediators of SKsoicmg-sssociated vascular disease, 
Sinoktrig-mduced inflanuiiation and oxidative stress tnsy increase metalioproteinase traascription, increase prc-eiisyms 
activation, aud liirijt endogenous, inhibition of raetaHopj-otehia.w, aciiivity. The rdaiionsiiip between £i)iol:i«i>, inetallopro- 
teirtases. and vascular disease is discussed !.n this btief review. 

Influence of Cardiovaseuiar Risk Factors on Endothelial! Progenitor CeUst T.jra5tat(0«s 
for Therapy?— ATVB li\ Focus 

Nikos Wermn Georg Nickenig 25? 

Circulating endotheiiai progenitor cells pia>' an itiiportant roie in restoration of tlie endothclittrfi after endotlieiiaJ cell 
datriage. Tlie current review focuses or. the role of cardiovasctiht;- risk factors'^ Oii eruiotiieiiat ciell apoptosis. and proi^enuor 
ceil-iRcdiated vasculoprotccdon. 

EndotheHai NO SytJtJtase; Host Defense KnzYRte of the Endofheiium? 

Ton ,/, Rabeiink, Thomas F. Luscker 2^7 

This article explores the physiology of su[;efc*i.te generation by ciKioEhelia! nitric oxide synthase- the so-ca(!<>.d 
'^u«cou[)led'' state of the enj^ytne. The fact that this akertiative cbentiMry of the eN'OS enzyme is fvohitionary stronsly 
conserved, stiggests that it may play a physiotogicai roie. It is proposed that thsi uncoupled state njay contribute to defense 
against itifections, and the central rote of uncoupled eNOS it; redoK signaling in the endorheiiam naay open up nev,' avenues 
for tiierapy to prevent aiberosclerosis. 

Vascular Sloiogy 

lasportaxicti of iurxtional Adiiesioo Moiec«Ie-A tor N'eohitimai Lesion Foriitation and InftUratiotj io 
AtheroscSerosia-Proiie ^^ice 

Alma Zi'mcckc, Eiisa A. Lkhn . , . Christian Y/ghe,- [WeS'M'e'Feiifure l dO-eB 

Abstract ' ' 

JuncUonal adheskm moiecule-A (.lAM-A) ha-s recently beeti inspiicated m leukocyte rectiiitEnent on early atheroscierotic 
endothehum. Our data provide the f'lrit evidetscc to our knowledge for a cruciat roie of .ifAM-A in accelerated lesion 
torraation and inotiocyte infHtration it. atheroscieroais-prone tnice. 

Aspirin Has A Gender-Dependtnt Impact on AiifSiaflamniatory :l.5-Epi-l,.jpoxitj A^ Forniatiou: A 
Randomized Hmaan I'riai 

Audi Chiang, Shelley Humitz . , . Chades N. Surhm j Web Sire Feat ure ] ei4„t.n 

Abstract " 27-^ 

in a doui>ie-bliiided clinical trtai, low-dose aspirin sisnii-icatitfy increasec! tl5e anisir^Otimraatoi-v Eneiiustor, aspitjn-tristgered- 
)5-ep:-iipoxiriA,f, A post-trial analysis showed that die age trends in aspirin-triggered- 1 S-epi-iipoxin.'^ fortnalon are 
sigfiificantiy different with genders: a positive cotrelation in women and a negative coixeiation iti tnen. Therefore. 
a.<;pinnnriggefed- ! 5 -epi-iipoxinA^ may be seiated to the gender -sped flc clinical impact of a.spirir;. 
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Conjugated linoiek Acid Impairs Endothelial Function 



JustiB $.W. Tayiof, Simon R.P, WiiiiajiBs, Rhian Rhys, Phillip James, Michael P, Fremieaux 

Objectives To detenniiK-. the. effect of dietary- suppleinematicm with conjugated Ijnoieic acid (CLA) on body mass index 

(BMI), boiy fat distributiori, endotiieiiai fimcrion, and ma.rkers of caidiovascatar risk. 

Methods and Results — -Forty hejilthy voliinteers with Bfill >2? kg/oi- "svere randomized to receive a CLA isomeric laixturs 
or olive oil in a 12-week dotsble-blijid sttKly. Suljcctaneous body m. &x\d £itKiDininsil''hspa-ic k& content were asses.sed 
i!.S3.«g skifj-fold thicknesses and computed tomography scaj5iiing, respectively. Endotheiial fiiiiciion was assesssd by 
brachial artery flow-inediated dilaatiti-j (FMD), Pk.'jma iKOpro.^taaes wars measttrsd as an index of oxidative sti'ess. 
CLA supplementation did not result in a significant diange in BMl index or tota.! body fat. 'lliere was a sigmficaini 
decrease tn titrib (-7.8 niai, ?<0,0OI), but not torso skin -fold tliicloiesses or abdominal or liver fat coiitem. .Bfacbial 
artery FMi> declined (-1.3%, P=0,013), sxid piasnia F2-isGpro3rai!es iiKrea.'^eci ( + 9ipgA)iL, /-'=0.042). 

Conclusions — A CLA isoniexit Enixiure had at most modest effects on adiposit)' and W'0r.<5ened endojfeeltal fttncdon. On 
the basis of fii&&t resiiits, tlie iLse of t!)e loonieric. itiixtaxe of CL.A as an aid to w'eight loss cannot be recoir.mended. 
{Anerimckr Thromb Vase Biol 2(>0fS;26:307-3.j2.) 

Key Words; body composition * conjugated linoieic acid k eiidothehWi ftsncttoii « obesiry m oxidative stress 



Abdominal cbesiiy' and the associated dvsijistabolic syn- 
drotiie- eot-fer itscreascci caixiiovasctilaf risk. Dietary 
n!(xi)fK:a!jt3Ji with polytmsaiuraEed faity acids appeiirs to 
reiiuce the. risk of coroBan/ arter^' disaase and improve 
monality.-'-' Ccnjisgaied Unoleic acid (CL.'\) is a naturatly 
occuning farty acid and i.'; found in dairy jnodact!. arid vaeAit 
fronj (uminanls. It differe frDm the better kisov-'n Hnoleic; acid 
t^y having an txBa carbon-carbon dovibte bond, ft has been 
widely promoted in the lay press,'' with ciainrs Urat it can 
prevent and treat cancer/ prevent heart disease,^ improve 
immune function,'-' and treat oijesiiy-'--' Whereas s()n:e <■* tliesc; 
effects ate supported by studies in animais,*'' tiiere is 
confiic!ini> publisiied human research on CL.A, a.nd in partic- 
ukij' ther>s have been no concSij.sive studies iricasutifig its 
efieci on markers of cardio^asctdaj- risk. Furthermore, it is 
now reaii?,ed that tiie diffo-ent isomers of CL.A. nmy liave very 
different i^ioiogicai pi'opt-rties and may bave differen! mech- 
anisms of action.'- 'i-jje 2 m;nn CLA isomer^! ihat have been 
stiidifid are 9,11 and 10,12 CLA. Other studies have sag- 
gested that CLA supplementadon may increase oxidative 
stress, aithotij^h this was sjoe proven, Ftirtbermtirti. tiie 
stKail ijutnber of siudiss ihns far published ha-\c: suggested 
that in hijrnans, weight loss produced by CLA supplementa- 
tion is at tTiost modest. To assess tiie efficacy of CLA 
as an aid to weight loss aad its effect on catdiovascaiax risk 
t"sctoi , wc indprt'->o!' a doahie binid .iisd^ c^an^linni' (he 
effects of a commercially avaiiable isomeric inixttire of CiJ^ 
on body weight, body fat mass and disJjibution, endotheiial 



function, insulin sensiliviiy, a.nd markers of oxidative stress 
in overweiglii middle-aged raen. 

Metliods 

Subjects 

F'Bty uoaarockiiig wtiiie Enen, ageii 35 (.o 60, withouf. citabei.es, 
isypertsfision, or cardiovascular disease, with a bc»dy miis? indcv 
t,BMi) >27 kg.'nr were recriiiied ircm the iocai ccniirniaity througfi 
rnedis adverts ^smeRts. .^Si subjects gave infotrned wnuen consent 
and !hs prtsiocoi was approved by the iocaj research and 

Protocol 

SiibjecB wej-e ran.do.'-fiiy assignsd to rsfjeive -1.5 g.'d of (X,'V(is>,->raf;iic 
mixtat-ft fjO catones/'.l) or Cii-Je oi!f,S4 cajoriea'di I he raridyrruxaticr: 
was jjerfcrinwi by ar, indej>e:3i:ient obsetvcr svh'j aiao niatched 
subjects by a?.;e BMf. The iaotnej-ic miy.wcs containi-d 35% 
9C i It CLA, y<s% tiO,f.d2 CL.A.. 1 % to 2% 9c, J Ic ](ic,;2c CIA. 
1,5% 9;, lit anci Ki^iit CLA, siid <!%■ :!5,ciO and cn,(!3 CIA. 
■fTie CLh ar.d oiive oil capsyies wete suppHetf by Natuta] Lipids 
(Hovdebygda, N-cu-v-'ay). AU vascular measursments Vt'sre rnaue ir. 
tise morning after sn overoighi fast, at -be ba§inmr;g of !be study, and 
atter 52 •Acei^s of suppietaentstior;. 

Body Composition 

Body v^eight and height v.'cre measured aiid BMi calc-uiaied. Skin- 
foid dttckfie.^ses tvste iueasuiati according t-.? statidad guiiJebacs'" 
^*it!i Hsipsaden siaofbld caiipsr;- (HoUain Ltd, Crymycla UK) at die 
foilcwitig sites: biceps, triceps, front mid-Uiig.b, a-iwiiu) csif, -.ub- 
jcapiuaj', fnid-a.^iHar)\ ar,d dbdotttinid. Ai'iiorain d, waist, and h)p 
giruis Vi-ere n3ea,?iired. .'d.l rneasiirements were made in triplicate .ind 
averaged. Eioelectiicai intpsdatjce snalysis w;;;, pwfonned using the 
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f jYiediod aad a Bodyssat 1500 sii?Jys<;r (Bocijstat Lid, Isle 
C:f Man). At>Jort.jiis'J ad)pos.e ti.'s^is aijd livtu fat were tn'i.;s.ufed 
using »,'o ccijRpaU'd tcrnonrspiiy (CT,> j>nages as described pravi- 
0iJs!y Abdosniiiai adipose tissue is preaernwi as. a surfat-s ait:a st 
the levd of the fourih iumbar vertebrae, nnd hsjmtic aiiii splenic fat 
is presented as nidiographic: densiW in Hounsfieid urdts (HO), 
[mages were acquired using a SiMYiatcm Pius 4 scanner. CT slices 
V, ers 1 0 rnni in thickness and wars obtainec! & \ 20 kV and :>00 m A, 
with ?. iS2-cn: fisld of view ar.d a 3nx5i2 mamx. i£fia£e analysis 
v/as pstfoiiTied asing dedicated software (SiicsOmatic Vetsion 4.?.; 
To)iiovii;ioa> Montreal. Caaada), 

EndoiheliaJ Function 

t?hinges in brachial zntry diatrisier m response lo reac:tive hyper- 
emia (RMD) were rueasured nfininva-iiveiy using !i high'-re.;o!uEion 
u!u:,;5oriic v,'ali-trs..tjng i>-stsn! (Vadirs-:; Wail-u-ack System^) as 
previoa^ly vaJidaied.^'^^'^ '"^ Studies were pcrformsd ai a controiied 
tsmperatura of 21°C, with subjects stspine isnd their ai-m Iseid 
ouisu^tched oti a cDsbion. Baseiisie. measure.nients of internal bra- 
chial sutery diamctsr v/o-e- takst; after 15 miniue;-; of re;;t. Reactive 
hypereniia was prcduced by reJessing a pediatric, sphygsnomaii'jrn- 
ster wrist cuff inflaied to sy.^ictic pressure pius 50 mm Hi; ibr 5 
n-u.-mtes. In).en;;ii bracfiis! aitto' dir.meter was aisasored every 
msiiute after cuff rsiease, anci tiie ma<lira»ni rhaiige from baseiine 
was used lo calcu!,i;e FMD. DaEa are sji^^enEsd a.4 E!;e percentage 
diatTje.icr change from biiseliiie iii Ei)S btachiai artery. 

Laboratory Measuretneitits 

Venous blood samples were fetiiy analyzsd for glutow, msuiin, 
chdlestevol (including !o\v-dens:ty iipoprotsin and high-density ii- 
peprote:.".;. and C-reacdve proicin. Further samptss were cenEri'ugec! 
asid tiw supi^matSTit, frozen'at -Z\fC. Tii^Sfi samples were anaiyjst! 
later usitig eniyme immBno-linkejj sssays for leptin iAiexiS), adi- 
ponecEln (Biogenesis UK). P2-i:;opro&Eii=ies (.A.le;<in), :S.nd tuftior 
neci-osis factor- « (paired antibody en2>rtie-li;iked immiir^osotbcnt 
assay), liisaiiti st:j!>iu^tty was measured irttiij-ettiy usi.'i.c >10.K-f.A-IR 
f fasting sstuir. inssjlin {pX)lmX:)yJ.-A%im pi&sr/ja glucosr 
(nwnoM-ySS-S]- 

Statistical Aaaiysis 

Arsaiysi.s was psr&nned usitig SPSS vli.3. Baseiins valuas ."u-e 
presented as ffl6ati±SD. Va;-iab!es wir.h a skewed disurbutioii wsrs 
logajitiup.jcaiiy transfomsed tt? aciueve a norma! distribution prior to 
analysis. Baseiiae cotriparison between the CUV and olive oti gxo\i$% 
was assessed by .?ttu1-2f5t / The effects of a-ftamieni wiOi CLA 
versus oiive oii wet^- asfi«;sed by using .AlNCOVA using baseline 
valiiss as covariaies and are preseitEed with 35* confidetiiie iniej-- 
vals. Ti) avoid type I etrors, pfj.^t-hoc: BoEiferrotti toiTections were 
applied to !he group.- £)f piirtiaiy objective tneiiRurcrawiiS- Tije^refore. 
2-£^led P<0.t723,P<f),G05. .P<;0.C'Ol, P«i.01S, ar^d were 
regarded as signi.ficf:rit, for blc(Xl pre<;snte, ston-foid.^, girrhs, F[vlD, 
abdotnirial CT tneasuietnents, respecttveSy. A 2-taikd f <0,05 
was regarded as sigBtficar.t for primary objecuv' 
■weigh-, and Moinipedmce, asid the expioratorj' blood a 



Restilts 

Baseline mtyisureineaL^ did not differ sigrtifkatJtiy in the 
olive oil (19 stibjects} iintS CLA (21 subjects) groups (Table 
1). All subjects compleied Oie study. The effect of 1.?. wseks 
()f i;t!pple!nentatjOR is show-u i.ti Tabk 2. The impottant 
cha«ge.s arc ;ilso displayed is she Figure. Tliei^ were no 
sigaiiicant chaiigas in paratneters in tb? oiive oil groisp except 
for Si decline in lUtRor necrcisls factor-a (~61pg/rrtL [95% CI, 
-3 10 -12Ci]; P=0.04). h\ the C\..k group therms vvss no 
sigrdiicant cbsiige ir. btxiy mass (-1,1 kg [95% CI, -2,3 to 
0.043; {~0,4kg/m' m%- CI, -0,8 to 0.03]; 

/>=0.07), or total body fst (-1% {95% a, -2.5 to 0.5J; 



TABIE 1 CiiaracteristSes of Oiive OS! and CLA G 
Start of the Study 



Basaitne CngtatitefisSc 









Age, y 




4o*5 




Mass, Kg 


S7^:1.3 




T 


8iMt 


33 ±3 




MS 


Fat, % (Biolmpedsnce) 


2S±3 




NS 


Systciiic DP, mm 


128±13 




!J3 


Oiastoiic BP, iflm Hg 


8a S-.? 






AflffircpomBiEic measttreaenta 








Skin-folds; Biceps, mm 




V:-::A 


MS 


Skifi-folda: Tifeeps, mm 




IS ±5 




SWn-fcsds: Mid-itiigl-s, mm 


231-.? 


2S2;8 




Skin-falds-. Msdiai caif, tiita 


i6±4 




NS 


Skin-foJiis: SubsCc^'Eitar, m-r. 






^! 


Skiri-ffittis- Mid-axillaFv, mm 


&3±4 


24 T 6 




SMn-Wds: Abdomi-iai, mm 


33.1-7 


36*fi 


?jS 


Skin-foids; Vm% mm 


72+17 


72*! 8 


MS 


$idfi-fo!d5K Tareo, (lira 


VZi±YA 


128±15 




Skin-fsids.' Torspiimb 


1.8*0.4 


1,9*0.3 




Girtte AbdSiTiSR, m 




■ifj 




Sirsi; Waist, cm 


m±i 


112*7 


!>iS 


Otrtn: Hip. cm 




1H')3:6 


f-lS 


Giftii: WjiistHip 






fiiS 


GirEti; AbdomiEiai-.Hip 


0.93r:0.05 


0.97.-0.0^ 


fiS 


emdofcelial fttEiction 








Brachiai aitsiv, mm 


3.8.-f-05 


3.7iC.4 


fIS 


Bfaciiiai arifity r-f/ID, %. 


2,1 ±2:\ 


r;.>;±2./ 


MS 


AL'dominaf CT mEasufetiiBfrts 








livsr, HU 


m±n 


6o±!«1 


Ng 


S,Eiiesn, m 


^■'■.±.2 


61 ±2 


MS 


i.tvsnSplesn 




1,08*0.18 


«b 


Visceral aEfiK, cni^ 


243 ±S2 


204 ±70 


!^ 


SEitiCtifafieous M area., cm* 


341 ± SO 


3S7::9j 




VHserdi:SLib.;;jtnnsotis fat 


0.75 s; 0.33 


0.63*0.37 




Stood analyses 








LOL CflOfetSfOl, aif!t!3t;l 


3.6.+Cj.9 


3,4*0,8 




HOL cholesterol, trKaciL'L. 


1.0-.1-0-3 


1.1.-0.3 




Total ciroieaterol, mmcl/l- 


;j.e±i;.g 


v.,4-\0.6 


us 


TrigSycerid&s, rr.nr.oi/t 


2-3 ±; 5 Z 


1.8*1,0 






5.2±2.9 






SltJc;osfi, mmd.'!. 






NS 


Insulin, ETim 


18*22 


13±7 


HS 


.H0f*-1R 


4.6±6.4 


3,1*1.5 


rjs 


tagtin, ngt'mL 


21 ±12 


22*16 




Adiponedia, P8,'mL 








F£-i3C'prostafies. p^.-rtiL 




SS-.-:103 




lMm-{ nscfC'Sis tac'or-o-, p@/mL 


1222;97 


■i0(!i:4;i 


Q,f!4 



fiS .TiEjicatss not: sigiitficant 

P=0, IS), There was a sigrdficatit decrease in iiitib mxa 
(?S% CT, -ii,} to -4.51; /'<0.00 1), btit not torso (-4.0 mni 
[95% CI, - 11, 5 to 3,5]; P=0,29) skia folds, snd a significjmt 
increase in tbe tot;il iof.so-to-iitnb s3dn-fold nitio{-i-0.i3 [95* 
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TABLE 2, Change in Rleastt'^irsents in Eacii Treataertt Group 12 Weeks of Suppiementatsan 
Htis AKGOVA Anaiysss Showssg Ute OvmS ot SappIemBRteticfl WSih CLA 



_0!wGOii OA 



Ma?s:, kg 




-o.a±i.g 


-1.1 i-2.3to0.04]i/'--=0.i)6) 


BMi 


Ll3i0.5 


-0.12:0.7 


-0,4 l~O.S to O.OSj {.'-^=0.07) 


f-at % t^BiCinipsdafsce'; 


1A±2.9 


0.1 ±< 7 


-1 f-2,S to 0,5] {P?=0.ia) 


Systolic BP, mm He 


0,22:6.7 


-0.4.v;3.1 


-2.2 7.1 to .2 7] i7«0.:j7i 


Dtsstalic i3P, mm 


-O.S±7,5 


0,!±5.7 


-1.3 1-3,4 !•;) 2.3) 


Anf^ropcmetric measurer! isnts 








Skin-fcids; E'ceps, (tod 


0.1 ±£.3 


-■5.42:1.5 


-1.S (-2,7tO -fJ.fJJ (P=a005} 


SkiR-foids: Triceps, mm 


{).3±1,$ 


-1.1 ±2,4 


-1.5 r~2.9toO.03J {P-0.046} 


Skin-Joids; Mid-thigfi: n-n- 




~2.B±2.S 


-25 t~4-3tO -1.3] if^crO.OOn 


St;m-to!(te: Metfisi catf, mm 




2:1.5 


-1.3 i~2.7 ta -0.8] {P==omr) 


Skii:-fo'i;iE: SiJD-scapuisr, (nrn 


C.S±3,3 




-1.3 [-3.S TO 1.21 i>"=fl,2fl) 


SHIr-fcics: Mid-sxiiiaiv, ntm 


-0.4*3.8 


-3.0±3.i.l 


-2.3 ("4.0 )o -O.Sj {P==0.0l1f 


Skiii-foids: Abdominai, mm 


2,f5r6.8 


2.3x3.4 


■M.4(-1.Slo 4.3] {.P=----0.3Gi 


SKin-foKis: Ur,)b. mm 


1,1 ±3.5 


-6.6.±e.fJ 


-7.S 1-11.1 to -4,5] iT<O.E}0i; 


Skin-iji'ds- Tor^o, mm 


2,S±1S,5 


-2,12:9.9 


-4,0 [-11.,Uio3..'i!(P-^0.2S) 


Skm-tolds; Torso;!. imU 


o.oa±o,is 


O.IS-O.iS 


+ 0.13 [0.03 to 0.24] (,f>=0.017) 


GirSi; AStoen, cm 


0,-! 2:1,3 


~0,?±1,9 


-0.2 [-1.4 to O.Sj (P^i}.m} 


eirttis: waist, cm 


-0.3S.2.1 


0,5±2.5 


-rO.S [-0,3 So 2.4; (.^0,30) 


Git-Shs: hip, cm 


0.4.-i:1.4 


-D.01.t1.5 


-0.4 [-1.310 0.6] tP-0,44i 


Girths; vVaistHip 




0,01 .2-.0.2S 


■+f}.01 (-0.01 to 0.02] {P=0.44} 


Sfftte; AbdomtnaiiHip 


■-O.OIiO.OS 


-0.01.-i.-0,0l 


-f-0,01 (-fi.01 to 0,02] {,"=0,42} 


Endotiieliai funcHon 








Bracniai artery, mm 


--0.{7.if}.60 


--0,<33S:0.82 


■i'0.06 [-0.2S ti- 0.41] 


Brachial SflS:7 fftSD. % 


0.1 .■-'.-S-S 


-■t,3i3.6 


-1.3 [-2.4 to -0.3] {f'^ 0.01 3) 










Uvfif, HI! 


-0.7 ±6.? 


-4.1±if;,K 


-3.gt-3.5jto2.2]{f>=--a20) 


Spieefi, HU 


-2,2x4.8 


0.72:?.8 


1.1 f-i.7 to a?l (P=0.44) 


Liver; SpiBBft 


o.Qi.to.rt 


-iUjS~S.i7 


-0.09 S-0,21 to 0.03] (/'=0.12) 


Vfecenj! ma, cm^ 




3.7i55.0 


-4.5["33.6t!?24 6iiP=^(j.7fJ; 


Sufjcutaneous fat srea, cm* 


-9.83:32.6 


3,43x40.0 


-12,S [-39,5 t!) 14.2] iP-^r;.?A} 


Vii;r.eral-SitbcL:t5necius tat 


-0,09=0,2S 


0.03±0.2S 


0.08 [-0.11 to 0.26] (T--0,4r; 












-0,2±0.o 


-0.01^:0,4 


-^0,5 [-0.1 to 0.3j (P=0,41} 


Hijf. ciic'asSsrol, mmai/L 


-0.03*0.11 


-0.05.-0 13 


-0.03£~0.10tcfJ.G5J{;'=0.46} 


Tcta! cfifjiesferoi, mmoyi 


-0.09S:u,S0 


--0.07iO.44 


-0.07 i-0.34 tc 0,20] iP^a.m} 


Ti^glyccridss, mmi>l/L 


0.1 ±0,8 


0f-.-0.8 


-0.1 [-0.6 to 0.4] [?==0 57) 


CfiP, IBS-t 


-O.S.±2,S 


D.4*.4.S 


-rO.9 [-1.4 to 3.2] ;,^-=--0.4i} 


Gi'jccsg, mmo:/L 


fJ.Sl-C.S 


0.2.-*:0,8 


-o.t r-o,s is 0.3] (f'-o-si) 


insulin, mU/L 




2,3±1g,S 


-sr-n to 6Hf^- 0.S0} 


iiOy^-lfi 


02±.e.? 




-OSf-3.2 io 1.6] (P=0.5{1) 




1.3*7.3 


0.72:6,1 


-0.7 [-4,8 to 3.4.1 {P-0.72j 


Adifjotiectin, pg/mi. 


0.$.t;3,4 


-0.gr4 0 


-0.2 [- 2.4 to 2.0] iP'^OMj 


F£-isoprostanes, pg/mL 


-36.t9S 


S4±200 


4-01 [3 io 178] (.f-0.042'; 


Turrsor necmfa fscter-«, pg/mL 


-61S;70 


15±21 


-^-4S [-11 to 101] (f^O.H) 



CI, 0.03 to 0.241; -P^O-OH). Tlaere was no significiat change 
tj) abdoitiina.1 waist, or Itsip girth.?, or in sabcutafseous abdorn- 
ina) fet an<3 liver fat roeastired by CT. However, dicre wa? a 
iignifjcant (iecrease in brscliial ajtsri-- FMD C- i .3% [95% CI, 



■"2.4 to -0.3]; P~Q.Q]3), and a .sigRifjcanc increase in 
plassria F2-!'50prostaB«s(4-91pg-'niL !;S>5% CI, 5 io 178]; 
P~0M2). Tlieit> was change sn estimated in,sii!iii sensi- 
tivity, total cholesterol, low-den.sity lipoprotein choteiiieToi, 
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Hh 



hsgh-density i)j^>protc-in choiesieroi, uigtyceride-i, CRF, Sep- 
tin, or adjpoaftcf in, 

Thcxi «as a ssgnificr'Lrit ne^^ti'ue corrdaEiou between 
change in Pi'-iKipcOstancs and change in t{3!.a! lircib hk'ia folds 
(ie, loss of !iti)b s.kin-fold thickness was assoiruiteci with m 
increase ixi F2-isoprost;:Jies) for the entire group (CLA-^-o'ive 
oiSj {P=Q.0l2) b\xt no signitkaiit corrdaEion when eacii 
group wa^ analvHid separateiy. There was no si-gfiifioafit 
correlatioti b&'LV.-eeTi change m eii<5oEhfc]i;;j funotior! and 
change in F7.-isoprostane.s or change in Jimb skin-fotd 
■hickiiesses, 

.Discussion 

Obesity, and ixi paiticalar abdomsnaJ obesity, is ass'X.-iated 
with incraaEed cardiovissctjlar fisk.- ajid inieniional weigh; 
xeduction improves cardiovascular risk,-'' --' Recentiy there 
has b&en a greai deal of tnteresi in tiie efKX-i of the 
Mediterraaea!} die: on cardiovascuiai' risk, A 2-ys;>3- suidy 
exajttir.ing the effect of ihe. Mediterranean diet in patients- 
wivii t!)e riietaboltc syridrotne fouiid a redsjction in body 
weigh';, an iKipcoverEieni in endo'lielial function, a decrease it! 
CRP and zn inipTOveraeni in iiisuiiti resistance.'" A study that 
trtiid to identify which componenE of the MeciitKiTariean diet 
was responsible for improving cardiovascylar nsk paT;j.do)i.i" 
csd'y found thaE oiive oi! impaired sndotiieiiai funcEioit, 
sithoug!) Ms was inversely corretuted with ckmges in tri- 
glycerides.^* 'I'he cop.ciusion of the study was thai it was the 
antioxidant and ontega-S-rich foods that cosjferred cardiovas- 
cular benefit Nevertheless,, these stLtdies supported the view 
tiiat dietary raodifjcaiioJi or suppiemei^tatioii may fiave a 
significant iisjpact on obesity aad, in pardcuiar, <;ardiovascu- 
iar risk. 

Experiraertta! evidence jii animal itjodels suggtiSLs ifsat 
CLA sijppTflmsnEatiori, iri puiueular Uic 10,12 CLA i,-;otner, 
induce^s fat m&is loss.^'-*^ On the ba,sis of this initial 
evidence, tisere has been a great deal of inierest ia us use as 
an aid to iose fat and weight ia humans, Blankson et al 
reporf-ed ttiat 12-week supplementation with >3,4 g/d iso- 
meric CLA sigiiificantiy r&iticed body fai mass its overweight 
voiunteers, although the,5re was no change in weigh! or BKi,"' 



atid RiscrtfS et al found tlvat Oisl^- 4-week sypplejinenuition 
witb 4.2 g/d isonWric CLA sigiiifjcanily iinpnjved sagittal 
abJotrunai diameter,^- Howsvet, 'Zatnbeli et al fc'uod tio 
significaiii charige in weight, BML or fat mass alter "i-pd 
suppiementatioij with isomeric CLA (in women who were sot 
overweight),'* The observadon in two sttidie.s of an itnpair- 
niertt of jnsiiiia-3e.nsiti\'i!y have raised cojicerti:;. This 
study was therefore designe-d to assess Ehe efieci of C:LA 
;;i3ppls3iienEat{o.E[ on B.MI, body fat d!si3.-ibution, aiid juarfcers 
of cardiova.scuiar ri.sk, inclutiitig ctidc'tiielial function. 

Our study k-smd, fhar an isomsrio mixture of CL'V did not 
cause significant weight loss faiihough Ehete wa.s a trend to 
weight loss of l.l kg). This is consisterii witii the 0.24 to P,46 
kg ^Aeight loss reported in previous studies.'^ Although 
CLA. liidijced lisiib fat, it had no effect on abdominal fat or 
iiver f"3.t( although tliere was a nonsignificant trend to an 
increase in liver fiit, measured as a decrease in liver density in 
Hounsiieid imits), Tfds finditsg is in contrait to a previoiis 
report that found a decrease in sagittal abdominal diameter 
after 4 weeks of 4,3 g.''d CX.A.-'-' Hcjwsver, ihe suggestion that 
CL..A KiSy have, a lipodystrophic efiec; is not tiew. .A study 
supplontenting mice with isomeric CLA ksund a reduction in 
fat mass, iiver hyp-ertrophy, and an itiorea.se in iij.suiin 
resistance,-'* whereas mice fed the 10,12 CLA tsomer had 
hype.-insuln-eftiia and an increase in iiver iat cievelop.-'- Tlie 
mechanism fo! Jhis i.S ElOt clear, although a rapid decrease in 
leptin and atiip.ociectin ;)as been observed in m.ice only 2 disys 
aiter sEarting CI,vA ,^appieineniation.^« A decrease in ieptin 
has also been obsen'ed i!5 rjtts.-' Tlids hypothesis is supported 
by the obiervati<;!) thiit byperinsolinetnia and liver steat.osis 
are paitialiy r«;veised wliet) hyiKileptmernia is normalized by 
leptis) infusion in CLA 'ijwaEn)phif mice/'' However, there is 
conflicting evidence regarding the effects !jf CLA supple- 
mentation on piasrna leptin iti hutnans. Ofte study supplc- 
m.enting patients witii type 2 diabetes with Ci..A found a 
decrease in leptin,''* but anotlier study suppiefiientitig obese 
njen witl; CLA found t!0 change in leptin. No oiinica! 
studies in bitmans have measured adiponectin afier CLA 
strppleinentation. In contrast to tiiese findings, a sttJdy sap- 
plementing Zuoker diabetic fatty rat.s with CLA fotmd thai the 
previous impaired gluccjse toierance iniptoved,'* 

Ceil culture and xtnimal sEudies have suggested sevenil 
other potetitiai j-nechaaisnis by wbich C[.A may reduce bf-dy 
tat, inciuding reducitig apolipoprotein B secretion in HepG2 
cells/'^ increasing catniiine palmitoyltransferase activity anci 
decreasing lipoprotein, lipase activity,-'"' and increasing tutnor 
necrosis factor and uncoupling pj'otein levels,^^ The role of 
pei-c>3dsome proliferatot-activased receptor ganmia (PPARy) 
activity is not dear. FPARy activity was increatted in Zucker 
diabetic fatEV rats and gsneiically oi>ese mice fed CLA,'*'*' 
aliiiough several in vitro studies have ft)U!id timt IQ, 12 CLA 
downregulates F?ARy .activiiy hi mice adipocytes."''*' In 
vivt! ;!nd in vitj'O .studies in pigs have also found [hai CX.^ 
indticed ;m ir,ciease in PPARv activity.'* However, human 
Studies have found an opposite effect on PPARy. Hutnan 
adipocytes ctiitured in vitro with it). 12 CLA decreased the 
expression of PP.'*iR7/-*-' and diabetic patients treated with 
PPAR7 agonisEs (gfitazones) exi>enctice decreased cenmd fat 
and increa,sed peripbera,! fat,** 
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Our observations are impoitarst because reducing Roaab- 
domijial faf is less, likeiy to reduce cardiovascular risk, and ^ 
increase ifi hepatic fat will increase insulin •■equiremeiits.*' 
Tbus any weight loss with ihis recime is at most .modest and 
the. patsern of weight loss is not nietaiioikrally favorable. 

Farthcmiore., v/e found th,;it CL.A. dignifiCitjitJy iiapaired 
brachial iatery endotiie-Hal ftwictsoo, ccnsistsni wif.li an ad- 
verse irnpac; on C3.rdtova.5cuiar risk.-''^ The rnecbanisra of fiiis 
effect is noi ck^r. We and otbss's'* fomid m increase in 
isoprostanes, a lipid peroxidadors product generaiiy conf-id- 
ered lo be a marker of ificreased oxidative &tre4;s. Mother 
previous study reported an iacrsa-se in plasEiia CRP, a niatkar 
tjf inilanunation.'" Taken together, these data suggest that this 
CLA regime impair? endotSieSiaS ftmciifiii and tJia;: t'jis oiay, at 
leasE in pisrt, be caiised by incrt-cweii oxidative stress, it is 
possible ihaj tiie observed change in HvlT,> in tiitK study iias 
^-•iien cai;;;ed by iha charsge in 'irob skin-Md thicknesses; 
jnterterisig the FMD technique (for cxai-iipic, by altering 
v/rist aiteriai occUr'sion. pressure or changing depth front 
probe 10 brachial aiiery), thus giving a false ■ne^.'surenient, 
However, we feei that ihis is unliicely because a high wrist 
ajterial occlusiot! pressure was used and a change in cieptJi to 
the brachsai artery of ! to 2 mm is weH within the capabtii-y 
of she oltrasoiitid probe, B.tachjai artery T-MD irieasnrcnients 
vary markediy from laboratory/ to laboraEory, dependant otj 
ilie exact iecbn!>.jue used/'*^ Tn t'lis stijdy, we aseci -he waist 
cn.ff tech.niqtie., wiiicb results in lower values of brachial 
artety FMD tha-i ihose obtained using tiie up[)ci artn. or 
mid-foreami iechnivjiies. We did not obser\'e an adverse 
impact on Insulin sensitivity. However, die study naay have 
been under-powered to defect differences using the HOMA 
technique,*' We did not identify ariy change in piasroa iipid 
profjtes. 

The eftect of CLA oti other cardiovascular risk factors has 
been examined. One study reported that CLA decreased 
platelet aggi-egabiliiy,--* bu! another reported no change in 
pLaLeiet. aggregabiliiy.-'^' /\ sntali decrease in Eotai, low-density 
lipoprotein, and 'ligh-densi'v Sipopi'otein ch<ik:ste)'o! was 
found in overweight men faking 1.7 g/d CLA and 3 A g/d 
CLA, although tiiis was not inaintiiiued at iiig'ier doses,'" A 
i'tirther study in obese men using 10, 12 CLA and a CL.A 
mixture lowered high-density lipoprotein cholesterol, al- 
though no change was obsen/ed in total or low -density 
lipoprotein cliolesterol or Eriglycerides.'^ i\'o change in hpids 
was found in a .stisdy with healthy wotnen supplemented with 
3.9 g/d CLA.s-^ 

Consistent v/vh our observations;, 4.2 g/d CLA for ] month 
was fouiid to increase tirinar;/ isoprostanes in men with 
abdosninal obesiry.-* Lsoprosuiac-x- are produced from [xaoxi- 
daiion of lipids, asid it was suggested that the increase in 
isopro.stanes might be siiriply a result <jf increased faE lipol- 
ysis, rather than iiidtesting increased oxidadve stres.';. How- 
cvej-, more recent studies have found that 10.12 CL.^ in- 
creases insulin resistance'^ and plasma CRP.'"' Taken 
together mih our observation of an ioipairment of eudofheiia] 
function, it seems highly likely that Ehe increase in isoi)ros- 
tanes does indeed inipiy an increase in oxidative stress. 



Coadusioas 

CLA supplernenl^ition for 12 weeks using the regime used in 
this study ijad no significant effect on BM.L Even if E'lis 
represents a type 2 error: die j-educiion is a( most niode.s-L 
consistent v/ifh previous reports in man. .Fufthermore, the 
jiatiem of fat los." is peripheral raEher than central. Jmpor- 
■auily, i.he observed inripairment of endodieUai function and 
increase in rtiarirers of oxidative sti-e?s=! raif c concerns abont 
the widespread use of t'lis agent antil fuiiher studies denioti- 
strate lES caj'diovascnlar safety or otherwise. 
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ADVERSE CARDIOVASCULAR AND CENTRAL NERVOUS SYSTEM EVENTS 
ASSOCiATEI> WITH I>IETARY SUPPLEMENTS CONTAINING 
EPHEDRA ALKALOIDS 

CHRiSTtNE A, HALLEFS, M.D., AND Neal I, BENown^s, M,D, 



Abstract 

liiickfffotfnd Dietary suppiemgrits ^hat contain 
ephedra afkafolds (sometimes called ms huang) are 
widisiy profVioted and used in the United States as a 
means of iosir>g weigi^t and increasing energy, in tlie 
ligiii of recently repOft«ci aiJ\/erj;e eversts relsitt'd to 
tjse of these products, the Food and Drug Admiriis- 
tration (FDA) has proposed limits^ on the dose and 
duva\.io\t of use of such soppiemenis. The FDA re- 
quested an independent review of reports of adverse 
events reiated to the use of supplemftnts tiist oon- 
tsinad ^pt.edrji aikafoids to assess causation and to 
estimate the level of risk the use of these suppia- 
msnts poses to consuniers. 

Methods Ws c&vi ewec! lAOreportsofadvefseevents 
related to ti"te use of dietary suppSements containing 
ephedra aikaioids that ware stibmittscJ to tiie FDA be - 
iween June !, 1997, and March 31, 1999. A standardized 
rating system for assessing causation was appSied io 
each adverse event. 

Re-itdi's Thir iy-OBe percent of ca-^es were consid - 
fjted to be definiteiy or probabiy related to the use of 
supplements containingi ephedra aikaioids, and 31 per- 
cent werte deerrted to be possibly reiated. Amorsg the 
adverse events that were deemed definitely, probabiy, 
or possibiy reiated to the use of suppiafiieots contain - 
ing ephedra aikaioids, 47 percent involved cardiovas- 
cuiar symptoms and 18 percent involved the centrai 
nervous system. Hypertension was the single most 
frequent adverse effect (17 reports), foiiowed by pal- 
pitations, taciiyoardia, or botti (13}; stroke {10); and 
seizures {7}. Ten events resuSted in death, and 13 events 
produced permanent disabiiity, represents tuj 26 per- 
cer;t of tho definite, probable, and possifaie cases. 

Ctntcimions Ttia use of dietary siippiernents that 
conrsin ephedra aikaioids tT>ay pose a heaith risk !o 
some persons. These findings indicate rhe need for a 
better understanding of individua! susceptibility to the 
adverse effects of such dietary suppiements. (N frngi 
J Med 20Q0;343:1833-8.) 
©2000, iV-assaciiusett.'v Medicai Sucieiy. 



D rETa^vJ ,"!uppieir!C£!ts thai concaiii epiiedra 
;jlkalo!d;: {aUo known as nia huang) aisd 
guarana- derived catieisie s.i-e. widely con- 
siinied in tiie Uiiited State;; fo.r purposes 
or" weight reductioa anct energy ciihaiiccma't. A 
nitmber of" repO[ i:s ot adverse react.ion.s to dietary 
.supplements that contain ephcdtii slkaloid.-!, some of 
whsch resulted ia pernjaEieni: injury or death, hsve 
appeared ia the medica! Hcerattirc' Ti; respt^j-ise to 



gros^'ifig concern nbotst the. sarcry cit ftpi\Kdra aiis;iloicis 
in cketary suppien^cnts., the Pood and Drug Admin- 
LSi:rAt.iOEi {.F.V.)A) requeiixid an indcipendent reyie-A- of 
repf^ri? of adverse events related lo the ai><i ofepiiedra 
nik.doEd'; to fi^^e-)*; w,ii!$,jtiO£) .md dcJCinitEit- rtR- tcvcl 
of vkik tiicse products po,se to consumers. 

Wc coiiducred an in-depri\ review of 140 repcirts.- 
of adverse evetst.s itivoiving dietary suppiemenis con 
t<iij-iing ephedra xik;iloid? thiit were submitted to the 
FDA bcnveen June 1, 1997, and Nlarcf) 31, 1999, 
and applied a standardized rating -system tor asse,ssti-tg 
cau.satioii. We also ev,iiuAted f;iCtor.s that might iiicrcvise 
the risk to consumers and the adecjitacv of wsfiiings 
abox't potential risks iocktded on product laheis, The 
hill report of our tevjcw of adverse zvenn h ivriiiabie 
elsewhere.'' Here, we su'tinjartze our findings. 

MET'HOD.S 

Tfae objective of tfae ffi^-i«w»'AS to det.etjniae the likelihood Aat 
ephedra aikalcndi (which were iii!iiat3y corabincd ^vith caffctne) 
Lsuseci die r;;pr.ir!.ed adverse evciiis on Uic bAsia ijf the info.'-ni.-itjon 
fwvici^d in the tV!ed,W.:teb rcpori.. .ifojij'. a-.itli siifjpje.mentai 
iriedi(.-a! tecord'.. VvV. ii-scJepcfittetidv levicv/'ed cjrfi of tiic l-iO i,asc$, 
Caus-tiicii a^seracd ia.urctiisg to die eritena cii-scribrd by IMmv. 
n a!.* sftci ir.c!ud'.uj an evskiaiion of the limii-L;^ di'ffj.r ev';;ji in ro- 
tation to the Ji:>se itif! duradori of fi.-,f of a priiduct; an sisc.'-snii-.nt 
o{ ihf. paitifn of response to detetrrrine u'.beilicr it con.'iriiiited .i 
recogmaed reaction to the stil-isu^nte tjK tiie basis of pmious re^ 
pom of spiieeinne or siraiiat stiroutaats m the mcdicai iitMature; 
a«d 3 detcrniisisttoti of the contributiorj of aiiy imderiyitig discas- 

hi gcn!:ral, ditiiu-d iii adverse v\cnt as defiiiitcly rti.itsd to t})e 
iiii: C'l'.'^itpptemejSis tont.-iiriUig ephedra ifk.itoids only if Uis symt>- 
loms ref.iin-cri with tiie rcintuoduetiofi of cahcdti liikaioidr. <.■} when 
the ofj^ct of ^.yfnptvims coiiKided with ihe expected ptj-nrja 
conccncntion of tju- drug .ind fcsofved widun m uiti^-vai ihas was 
coiisif.tc.'u wiii-i the ejspeeieJ dv.ratioii ot ifie efii^cc of ephedtine. 
/ui .idversc evem ^ras (ierifted as pK)i>3bly ii-f.ued to the use <jf suj^- 
pitmejlt.'i cojitiiininj? eptiedrj .ilk.ifoidi when the maioritv oi tlie 
E«rJcf.iee supported the exisrerite oJ' a cayw.! link hiR (jne or mote 
aspects of tht case, ,^ath ,is time sinci; rlie dcjiie, ivejo iuil'iio\v;i 
Of ihsre was 3 niirir.il- iriiiou-^isieiKy ill tiie iiipi-.onjjig Mdetice, such 

bly vtinterj to ihs uss of^yppterricms eoiitiifiiiig sphedta alkaioftii 
when ii iias equ.tUy Ukcty tin', the 3i.i\>t:fsc <vi-nt v. r;,^ not reistc-j to 
the useof ephe-ira aikaioids; tijr exaitifjie, in the cast ot'effcr.ts tiiat 
hsi-c not htifi ;eportf:d i;i rtie fiiei-atiJie in assotiariorv ivjth iphe'ivi 
aikaioids but that arc pharm acoiogicaity plais.sibie. feporrs of ad- 
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Uf cun'tiijef thtT.i ,>S possibly ffbtcd to 
trifling L-fji'icctra alkalfjiJs. Adwn-: tvv; 
uiUi-'lattd to the use. supv-)fffrients ■:. 

if the ovidesK-e Chat ephcd« alkaloids were Uie cause. w;k weai; or 
if the Uk;:lihfKHj was strunij; chst there wir, some ijthif ernj^i-., r.itKer 
(ticdiesf (..f toxieottJt'ie. Wbso the seicrnifjt evidence of toujse of 
civ.tiis wj;, highly ineofi^.isvcnt with the known etFects of cpiiedra 
aJkaJoids, tlie eveat iva* cotisidered deiimtely unrelated; foe cx-am- 
plc, in the case of .syraptoms th;if pcrsisicii tong after the use of 
i.-piiedra ;;ikalo!ds iiad fieeii liist-ofuirrjcd or in thf «sc I'fsy.'n^i- 

effats of ephedra. 3Llkaj.oids- However, lihc event was considered re- 
lated it" the pjt.iei-;! \ud i prcewsung cunditfon sueii ois fiyptrtcrjsion 
that amid have been aggrawed by the ase of ephedra aikaioids ajttt 
if i.hr: pLiifcn-. of iise nu-t. the criteria fcr catiS3tii>fl 

In dercrminifig xht likelihood of a .-aussi Sink, wc evaiuated as- 
pects of ihi; mcdicai iiistory, dietar>' patterns, sjid soda! habits as 
P<,jssii.>ie coniributinf; yr cJusatix': facrof-s. R)t eMnip;!:, wt. jtuted 
•vAm event* occurted white patients were fasfiiig ur in ctjiijunction 
wjrh bitjh .'.'itikei (jf esifeinc. We rcf.ot',U'£ed tJi.ii if> the ea'.c uf ad- 
vcrssr (rvurm that were mo?! like!)' ntu tei.lted to the use ofsupfjli:- 
menis efmtainins,: epltedts r.|k.-ili}jd;i one or mure of dir. titJisi in{.ve.- 
dien.cs in. the supplement may have ba-fi. tausaiiy related to the event. 



Featurss of the Cases 

Tilt: age arid se^x of the iiscre orprodiKnis C!>iitai[iii\g 
ephcdii aklisloids and the reported reasotis for «se are 
ihowii ill Tnbk'. I. <\ir.hoiigh the iabeU otmon such 
f roducri state that: they are iiot i.[!te[K!cci for lisc by 
petsoii.? tes.'! i:h;3.[i 18 yeais of age, advei'se c\'ents were 
reiXH-dtXt in least iO persons iisicicr this. age. Tije 
youngest was 1 S years old. OvcraiJ, 4^^ cases (3i per- 
cei\t.) Vk'ere ctMisidered to be definitely or probaibiy tc- 
iaccd to the use of stippiemcius cotitainiiig epiicdra 
a]kaioj<is, 24 cases (J7 percejit) were considered so be 
unreiated to the use of such Siippjctnsems, A4 eases 
(3.1 pefccsiL) were <}er;inc(i possibly related ro \hc. use 
of .such suppienients. And iw 29 c;!ses. (21 percent) 
rhc inforErsation providtxi vas itisufficieiir r.o assess 
catj-sanoii . The types of adverse e\'erirs than were tJef- 
inirciy or probabiy tebted ro the u-se of suppiemeats 
cotitii-isiing ephedra aikaioids and those tl'iat were pes- 
sibiy related are .sttrariiarized in Tabic 2, 

C;3^dio^'^lSLl^^a^ .syniptonis made up 47 percent of 
the adverse events that were definitely, prcsbably^ or 
possibly rebted to the use of supplements contuitiiitg 
ephedra iilkaioids, Hyperteiisioii w;i.s the single njost 
frcqueat adver.se etteci, followed by paipmitions, tadi- 
)-c;iriiia, or both. Eighteen pejxesit of relatetj and p<?s- 
sibiy reiated isdvcrse events involved the central ntrV' 
oiii systen). .Strokes (n == 10) asid sei.i;urei- (n -7) were 
the most frequetit type of ccntf.il nervf,-us systeni event 
repcjrted. The clindcal ourcotnes of the dcfiiiitc, prob- 
able, and possible ca;;e.s are listed in Table 3. 

Ten events resulted in death (sndiidirig 1 rteorsataj 
death and i fctai death), and .13 ex-ents resulted in per- 
' :!)f}a!rmem, wh.!t:h ;:epre<;ented 26 petcenr of 



TABJ-E 1 . .Ai 
.'Kt,K,*.i.O:!.'S 



the deftnite, probaisle., arui possible cases. Nitjc serious 
atJverse events occurred it! perseniK whr.t were tai-dng 
relatively low dosej; of ephedra aikaioids {^raripe, 12 to 
36 nig per day) and who had no intpot t3.nt tncdical 
risk factoi-s. Feattire.s of the definite or probable aiid 
ptiKstbie cases that resulted in de:j.th or permaricrit 
impaitnient or that liecessitatcd .substantial tnedicai 
interveiitiosi are give.ti in Tabies 4 atid 5, respecdveJy, 
Of tiic sudden carastj-ophic cercbrciva.setiiar and cai- 
diovasciiiar cver>t,s, 11 occurred in previously healthy 
{jersons Sortie of tiiese cases, wltieh were rfefiniteiy 
or probably related to the use (>rsiipplei\ie.nt& cont-aui- 
hig ephedra alkaloid.s, are described in d.etail in the 
foilowinK sections,, 

Exatnptes of Severe Cerebrovasctiiar Atjv«rse Events 



Patient .1. was a he-aldiy 55-year- old woman svho riad 
taken aerobic -exercise classes for se^'cra! yearK without 
iriCident (Table 4). in jtsiy 1997, she began tiiking 
otie capsule of'Shape-Fast Pius (according to the label, 
each capsule contained 15 rng of epitedra .alkaloids and 
40 n ig of cafleitie) three times -a day before meaJs for 
weight loss: she was taking no other medications. She 
had been takitig the prciduct for one week wheri sh.e 
collapsed during an aerobics class. Bystanders observed 
tliat liei- arnjs and legs were tloang and Knsing. In 
the eniergeticy department , i\er !>ic!od pressure was 
no/38 mm Hg and the heart rate was .104 be;jts pec 
ndnute. A eompiued tomographic scan of the head 
shov/cd a suba.raci-tno!ii bemorriiage. Cej-ebrai aiigi 
ography showed tjo evidence of a vasLui3.r ancurvsm. 
A ursne roxicoiogy screen was positive for aniphet - 
anii!\e, a result presuraed to retJect a crcsss- re action 
with the epliedrine and therefore to be felse posidve 
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iNcui oaeiiic pulmonary cdcmn r aptdiy devcioped, ae ■ 
cesiiiaujig eticiotrachcal inrubatson and mechanical 
veiiniation. Ei€ctfOC;ird!"og:-api)k findings and carcttac- 
<?iizyn-ic kveJs were- coasisicijt with the occurreiRX- of 
small myucardiai tnSircdon, The Eicatitig cardiologist 
and neuroiogisi; thsMight that cphedrinc mdiiccd the. 
subiiiaciiEioid hemorrhage. The fitidiiig of aLfnphct- 
aniinc. OR die urij'ie i:oxtccik)gy i:csi support?; the pres- 
ence ot" c-phedi iiic at the dnit; ot'rhc tvcm. I^iiboni- 
toi y anaiysis of the suppleniciit detejmineci that: the 
cphcdrine content was .12.0 nig per capvaSe. At rhat 
lirtic, the PDA's recomme'idaiioa was. ;5 fnc-jLiniai dose 
ofS mg per iOE viiig/ 



Paiiciit 1.0 v/as. an apparcndy healthy 59 year- old 
man who experienced luuiibtiess. of chc right ,un\ 
3r,d 'eg < n M^rch 5" IWS, ^0 mta Mc<. im^r drinl 
tag LJitimate (.fringe, whsrh atccrdtng to the kbd 
coatained 415 mg of asa huang (ephedns aikaioids) 
per serving as weii as giiaran;! ( :i .source of caffeine), 
and 5 mtnutx-f. alter nmniug 3 miles {4.8 kix-) (Tabic 
4). tic ;!lso rcgttlady took iniiitivitaiiiujs aiid ainino 
acid suppiements, hm no oihcr niedjcadons. On pres- 
entar.tOii ;it a fiearby hospitai, hi.S biood pressure \v;is 
140/78 mm Hg asid hh piiise was 60 beats per o-iin- 
ute. A cornpisted rornographic scan of ihc head re- 
vealed a ieii; Skied iriErath;ilarak: heniorrhagc. Cerebr;;] 
angiogr;!p!-iy showed no evidence of va.sctjiar anotn- 
slics the padent had graduai clinical iinprovenx-nE > 
aiid bd.s s\-inpi;oins resolved except; for persistent sen- 
sory loss on the rsghi: .side of liis face. <2henvical analy- 
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si.s of the Ulriraate Orange product coafirmed the 
pre.seiicc of epiiedrirsti, ;is well as of pseitdoepiicihinc, 
tKjrepheciriue, and norj^seudoephednne. 

Examples of Severe Cardiovascuiar Adverse Evetits 



ra!:ient 2 was a 22-ycir-old nr.in with a history of 
asthma svho coilapsed \vhiie lifting weights at -a g)'in 
Oi\ March 31, 1998 (Table 4). Hh niedicatioiLs in- 
cluded Lheophyi-ine rrhtx- Dur; 300 tug rwice daily ), 
albtJterol (Ventoittr, administered as tieeessary th.rongit 
a tnetered dose mhaier ), and a ccimbixiatjon of chlor- 
pheiajanune n<i'cdU', phenvi'--phrme bydu ^liiottde, 
atKi pheiiyipropariolajTiine hydroehk>rlde (Atrohist 
Plus; SR.J. According to ftiends. he iiad consumed onc 
IS-oz boi:t.le of Ripped Force (which is listed as con- 
taiinstg 20 mg of ephedrine alitaioids, 100 mg of car- 
feme, 250 tng of i.-carnicine, aiid 240 of cisromi- 
inn) before woricing oo.t and \>,fas regitlady drinking 
three bottles of Ripped Force per day. He also took 
creatine ;uid protein snpplctnents. VVitnicsses report- 
ed tl'>at lie iiad a sei-iure, Paran-iedscs iEnrially t<;>uiid 
hi[n apneic and in ventricular fil^riilation. He was siic- 
cessftslly resitscitated. Cornp\ited tomography of liic. 
heac! sh.owed cerebri! edema btit no hentorrtiage or 
masses. An jnitiai eiectrocardiogram showed at-dal flut- 
ter, which -subsequeiatly cotiverred no siiiu-s rhythm. 
An echocardiogram reYeak-.ii miid left vcntticulsr hy- 
perlroplty. The pia.srna theophyliine ie.vei \va<> ii ug 
pex mi [hitter (rherapeutic ntnge, 10 to 20), atki uri- 
niilysi.s revealed 12 /.(.g of ephedtiiic per milliliter, 0,38 
fig, of pseudoephedrine per miiiilirer, and 0,41 ,iig of 
phetjylpropaiioLimine per iiiiiliiiter. Tiie treating car- 
diologist though" that the combination of ephedra 
aika!oid.s and cafTe.irie m Ripped Force and the the- 
ophylline aad albuterol tnedicarions caused a vejitric- 
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u!ar arriiyrhxiiin !h;it fcitiited in cai'diac arrc;i;r. The pa- 
ticiii; sutfeireci si-ioxic. enccpbaicpatUv asKl ccinaiiied in 
a vegetative stiU'. for scvci-al weeks, Aiter otie niOEith 
in at! acuiic: care iatriliiy Atjci six ^vee,ks at a re'ia'jtijtatiopL 
fcciiity, he was, discharged with iubstantiii residtMi 
n c. ■ ito Sog i c i f lipa ! r nui n i: . 

PaJfeot 7 

l\ideiU ? was aii apparctJtiy heaJthy 3S-yea.f-ol<:l 
i^iati who hid been taking two caps\;lcs ol' Ripped 
Pud (according to the label each capsule 
mg of ephedrioc :iiid 100 mg of catleine) 
ing for orte year as directed on the product kibci (Ta- 
ble 4), OtJ fiiEie 6s 1996, he tcKjk isis usuai ck«e 
along widj a cup oi' coffee arid went jogj^isig for 20 
ntinutx'S. After reEin-iiing; hotne, !ie wm mlksiig ^^'ir.h 
his family when he siKklenly collapsed and appeared 
to have a tonic-clonic sci'/.xnc.. He fiad not reporied 
aiiy syiiiptoms before coUapiiag. He was in fhll car- 
dias; arrest whert p'axairiedics :!irived atid coutd ika be 
resuscitated, Aiitopsy sho«'ed mild cai-dicmegaly wirh 
four-chaoiber diiatatiou ai\d cororiisry arrery di.sease, 
with nariowiag of SO to 75 percent in four vessels. 
The cause of deadi was acute arrhythn'ia resulting 
from arheroscSercjtic cardicfvascta'ar disease, .Subsc- 
qiictn ro-ticoiog)' testing showed blood levels of ilO 
ng of cphedririe per tuiillliri-.r (the therapeiitic range 
used for brorichodi!adon is 20 to 80;.' An adderidtira 



to tiie atitopsy report included the comsnertt, "epiRv 
drijie is a siimutarst inedicatioti, luid as. .siich niay have. 
ccjntri'^urcd to a fatal arrhythtnia in the deccdera." 

DISCUSSION 

Epiiedrinc and related atkaloidf. have been a,s;:ociat - 
ed with adverse ca.rdit^'ascutar eveiits, tncii.kiintg acute 
myocaidia! infavction, severe hypertension,, iriyocardi- 
tis, atid lethal ca.rdiac afrhydiniia.'i,'^ '* Constriction of 
coroiKiry arteries and, in some cases, vMsospasni are 
believed to be the tnechatusms of rnvocardiris and my- 
ocardial ini^arcrioa. The adrericrgic effects of cphed- 
rine shorten cardiac refractory periods, pcrtuitting 
tl^e dcvelopiiKMit of reentrant cardiac arrhythmias, 
i'phedrine can predispcse parlenrs ro both hemor- 
rhagic anci i.schctnic siroke.^-' SubaraciiEioid hemor- 
rhage is thought to be a resuh of the hypertetisive ac- 
ticjn of ephied.rine, wiiich can be shore lived, or of 
cerebral vasculuis, whici) has been described in asso- 
ciation with a variety of sympaihomiinedc drugs.'-' 
Thrombotic stroke is pi'estimabiy related to vasocon - 
stric^i^:lu of large cerebral arteries, which Icatls to local 
thj-ombosis as a result of srasis and s;,'tiipatht;;riit]-ietic- 
iiidiiced platelet activation. 

Caffeine is present iii snany products ti-tat c-ot!t;3.iii 
ephedra alkaloids, a.t!d those who take tlicse products 
might also be cousuming considerable quantities of 
caffetiie iii cofrec, tea, a.id. soft •.ii inks. Caffeine is like- 



December 2i, 20r>0 



ADVERSE Evnms ftSSOC!AT£D WiTH DfETAay SUPPlEMuNTS CONTAINiNG EPHEDRA ALKALOIDS 



47/1' Per -f Of Djetcf's Ufikuowji 

U/M Hcrtvatite's ■.nicmto- U;jSaifj«ii 

32,-a- iUppcd Fad 30 

29/A1 U!tltmt< Nwrtttots Unknoufn 
IVjduW Ma i-iusn^r 



Hun f uiultih 



q>hro~ i'rotonaea ItospiaJ c; 



61/P Mciabotife 356 itimascrf 
to 69 

26/ M Rjjjpcd F'Ji:; 20-60 



ly to enhdncc the cmiiovasculsr and centj-ai nervous 
system erfecss of fphsdrine. QstTcine acts, by con-pet- 
itiveiy aiitagomxiag the. receptors for adeiiosine, a hor- 
mone reieased by endodichci? a-lh 'iut diJaic,'? Mood 
vcwcis By jiiiiibmiig ^idcnoimc mediaioit dsiaiauoii 
of biood vessels, caffeine coitsirtcis blood vesseii. ;ind 
tiiay iticreasc. blood pressure in persons prone to hy- 
pertension, Caffeiac also aiignierits the release of ca!:- 
ccholiiiiiiiieM, All eiTc-ct tliar, when combined with tl ut 
of ephedrsne, couid lead to increased jdnujiadou of 
i:he cetJtra! tiervoas systeEr^ ;md ca.rdkjv;is<:ularsy3t:cin,'"'' 

Phenyiproparsohimiiie, another ephedruK* aikiloid, 
was iiijirkete.d with 4;:itTc-.lne in various wdght- reduc ■ 
ing aids tinrii I9i)3, when the combis^asion was bisnned 
by the FDA atVer nui-sieroiis reports of ctdverse ef- 
fects. Sc\'erai stiidics ha\'e sho\\'n that caffeine and 
phenyipropariolaitutic hsve an additive effect on blcjod 
prcistire.'' These ijiteractiosis between phenyipropa- 
nolaniine aad eaffeiise .support the idea diat die coru- 
hiiiatioti ofephcdnnc arid caffeitie sn a dietary supple- 
ment coi3id .iiicrease t.he risk of :idver.se effects, 

Tiie ciu:!ritity of ephedrine iti dietary 'suppicnients. 



-<is reported oo pat;i<.agc iubels, js typk:;illy aboiii; 20 iiig 
per .serving, and the itsLia! dose frct]iicncy in two to 
three times, per day. These proditcts niay cooti-ic! isirg- 
er or stnalki- aniouuts of epiic.dra alkaioids thss^ ;ire last- 
ed on the producr label, for e>:am[>k, il or 20 suppie- 
tiieuts testeti by Gisrley et ai,'<* eiriicr failed to list the 
alkaloid content on rhc label oj- had nioic than a 20 
percetit difference i)efA'een t.he ariioutu listed on the 
label and rbe actual amount. 

Often, die dose of ephcdrtae thai v/as associated 
wkh an adverse event was less than a typical dose of 
epl-iednne used for bronchodihition ('25 to 50 mg). 
Espcritncntai studies show that ephedrine has only 
nioder'ate effects on iicai't t:;!te and blood pressure at 
diese doses. The discrepatvcy between such data 
and our findings of serious adverse evetJts reported 
-ivith tiie lise of dietiixy suppk-.nienEs contaiiiing cphe<l- 
ra alkaloid? njay be due t<i individual -suscepiibiiity, 
rbe additive stimuiant effects of caffeine, the v,iciabil- 
ity in the coiiieuts of phiurnacvilogicaliy active chem- 
icals in the products, or preexisting medical conditions. 

Masiy ort.he cases \vc reviewet! iiivoivcd side effects 
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?iicj\ -.ii ai\:<if-E.y, treniiiioa.^ru-i.fs, ii^ionifiiji, palpitadoti^s,, 
and personality changes that -arc well kiiovvn to occur 
vidi tlie u;;e vif stitiiiiiisrit iJi ogs, ^^'lieis cphcclrisie is 
Used for medicai purposes, these types oi' reactions 
are conskierc'd itde effeirtK :ind nunt be indudcd in the 
assessment of risks atid bencfjts, in tact, ephedrine is 
fircly prescribccj roday t!:>r 'rictiic;!] purposes, becaaie 
newer dn.tti.s have niore specific actions a.nd fewer side 
dVVcts, Thi: risks of raking ephedra alkak'j'ds as a di- 
crary ;;upplenieiir., however, are difficult fco jiistify 
because the sikaloids have no deinoiistraK-d beoc-fir. 
Ui'iiice vitaxjiins and mtrierais, ephe<'r<5 alkaioiti sup- 
plements are tsot cssentiai for proper otitnEton, Peo- 
ple wh.o take ihe.se prijducrs £o increase tiieir exercise 
capacity or to lose tt'eugfst pbicc theni.selvci^s jst lisk wifh- 
Diit :i sLibsutiiLtaJ jihebbood of beoeiit:. 

A lisnication to the use ofrepons of adverse everiiis 
as an itKiicaror of a prtjdijct';; .sisfery is diat ihe aumber 
ofpcopic ar risk for the eveiu is unknown. jVlanufac- 
kUrers of" dtetar\' siippiernenrs ib.:n cooEiun ephedra 
a!kaioi<is re.portecj. that 3 biLHioiJ serviags were soiiii 
in 1999.*^ The number of servings ihai v.-ere acmailv 
consdErted is ditliciih; to derernii.fic, Assiinitng, rhat th.e 

products were coiistjmed as directed three doses 

per day for i 2 weeks ~ tha\ approxiniateJy 1 2 mi.!tiori 
people used these sxipplenv^nts in \999. 

AiiOEher iiniiiraiiot) is that iKh'erse events are kriov/i) 
ttj be. lir.derreported. Several studies iiave sliown that 
sponta.neous reporting of adverse events to MedWatch 
is ■'ior rrmrine, aoxi tiie rare of reporting may be iess 
than IS percent. The frequency of reports of ad 
verse reactioiis to iierba! pKniiucts i.s thosigtit tt> f>c- 
even lower/"-'' Tiierefore, the frequency of Si-irjous ad- 
verse events associated with tiie use of .sii[>{>ler(ieni:s 
containing e.piiccira alkalcjidf; caniiirM: t>e precisely tieter- 
mined wirh the use of current reporting niechatiisms. 

Because of the severiEy of Ehe adver;;e events that we 
reviewed and, in particular, the occurrence of events 
tiiaE caused permanent disability and death, we con - 
clude that dietary snppienients that contain ephedra 
aikaioids pose a serious health ri.sk to sonie users. Al- 
t-tiough the incidence of serious ad\'erse effects caa- 
t50t be determined from our analysis, our fir!di.tigs 
ar<:)use coticern about tl^ie risks of these products, giv- 
en chat they have tu) scicntificiily established benefits. 
Our iindings irsdicate the tjeed ibr a better iinderstasKi - 
ing (jf the detcrtjiinants of individual susceptibility 
to the seriotjs adverse etlects cjf dietary suppienrenrs 
coEuaiiiing ephedra alkaloids io thai appropriate dos- 
ing; gu)d(.-li.£scs atid warnings can be devised . 

Supported by fujids ftwa die VooH md tJr«g iMmtMSaa tw 
gtanM and BAl.a353) ficm die Nstmsai TnsdmK an Dnig 



Abii.w, Narionai Tnstihitcs ofHr-aW.. Dt; HaHdc uni Siipportef! in< a Vcrcr- 
iiiis Af&ir* Medica! Ti»-i£:obg>' fdJtwship and by j Hatiynsi tecardi Seiv- 
ke Award (T32GMfi"S46) firom ths- K'atioiusi Jnsritutt-s «f Health. 
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X, RELATED PROCEEDINGS APPENDIX 

No decisions have been rendered by a court or the Board in any proceeding identified 
pursuant to paragraph (c)(l)(ii) C.F.R. §41.37. 



PATENT 

Attorney Docket No. NATNUT-03972 



XI, CONCLUSION 

For the foregoing reasons, Appellants respectfully submit that the Examiner's rejection of 
Claims 1-3, 7 and 9 is erroneous. Reversal of the rejections is respectfully requested. Appellants 
request that the Board render a decision as to the allowability of the Claims. 



Respectfully submitted. 



Dated: October 27. 2008 /John Mitchell Jones/ 
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